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produces the highest quality of Adrenalin Solution from natural adrenalin 
glands The Government of India were the first purchasers of this product 
Completely satisfied as to its quality — they placed large orders of this emergency 
drug with us, before it was even placed on the market It is noteworthy that 
the Government of India are continuing to place further orders with us for this 
drug as well as many others Since the 


inception of Standard we have proved 
our integnty of purpose , our meticu- 
lous observance of scientific method , 
the reliability of our research work , 
and the unvarying quality of our pro 
ducts Thus, to day these are accepted 
•by both the Government of India and 
the medical profession in India as being 
of unquestionable standard 
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Pituitary Extract (post) is another emer- 
gency drug manufactured by Standard 
and every batch is precisely standard- 
ised Pituitary Extract has a tendency 
to deteriorate unless proper techniques 
are adopted for 'its preparation — our 
experts after ii years of patient research 
have been able to locate and remove the 
cause of such deterioration Our latest 
manufacturing technique entirely eli 
minates the presence of Histamin Our 
Pituitary Extract can be confidently 
used in any emergency and satisfactory 
result is guaranteed if used within the 
date specified on every batch 
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urlng the last Great War of 1914-18, particularly when 
enemy blockade was most intense, many patients died of tetanus, diphtheria, 
cellulitis, erysipelas, bacillary dysentery etc , for want of specific serum 
Today, practically all varieties of Injectible products required are manufac- 
tured In this country Our firm specialises In the manufacture of vaccine, 
sera and organotherapeutic products Those In charge of our laboratories 
are men who are pioneers in building up this Industry In India , men, who 
are pre eminently qualified and have received specialised training In manu- 
facturing sera and vaccines who have carried on years of research and 
evolved new techniques for production of Sera and Vaccines of International 
Standard under tropical conditions 

Through the years of Its existence our firm has built up an unimpeachable 
reputation for honesty and integrity of purpose and strict adherence to 
scientific method so much so, that It Is recognised today that our name and 
symbol on any product Is sufficient guarantee of Its efficacy and quality 
and Is accepted as such both by the Government and the medical 
profession of India 
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GOLIFOBM OEGANISMS FROM THE URINAHY TRACT 


By 

K SESHADEHSTATHAN, 

AND 

S VENKATA!5WA]^n 

{From the Kvhi Institute of Preveultve Mediane, Gwndy, Madras) 

^ [Received for pnbbeation, October 0, 1942 ] 

There Las, so far as we are aware, been no attempt made m India at classifying tbe 
eohform bacteria isolated from cases of imnary infection The results of preliminary studies 
earned out on seventy-two strains isolated from catheterized specimens of urine have, 
therefore, been presented m this paper The specimens were derived from patients m the 
Goiernnient Hospital for Women and Children and the Victona Caste and Gosha Hospital 
itadras, suspected to be suffering from ailments of the urinary tract 

Technique 

The specimens were plated out immediately on receipt on MacConkey agar plates and 
incpbated for 24 hours at 37°C at the end of which single lactose-fermenting colonies were 
subcultuied on agar slopes These colonies were studied for their morphology and staming 
reactions and then passed through the usual biochemical tests used in the study of eohform 
organisms They were also tested for motility and for capsule-formation Late lactose- 
fermentation was also tested for The Voges-Proskauer test was carried out using 
e-naphthol (Barrett’s method) The results are gnen in Table I — 
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0 indicates that the test was not demo 

nenah”^^ ''^hich were positive to the Koser’s citrate and the Y -P tests and definitely 
time '^1 and Indol tests were grouped as crropeiie': Our B coh group included 

tefts ‘ definite^ M -R and Indol positne and negative to the Y-P and Koser 
onucs ^’'fcrmcdiates were grouped after the scheme of Halcolm (1938) except for the 
difl f inosite-femientation lC-8 per cent remained unclassified as thet 

>0 confonn to anj of the standard groupings above cited 

annenr f preliminary study on a comparatn ely small number of organisms would 

° 1 ^*1 those of other uorkers in England and Amenca Hill ct a! 

Tan~rJ bn** 1 range of arogoics in human frcces to be from 6 OG to IG per cent This 
been considerabh exceeded in the case of urinarv strains Hill d nl (loc at ) 

( 1 ) 1 











consider that this relative increase of cerogenes over the typical coh may be due to the 
greater powers of resistance exhibited by the wrogenes in ahnonnal situations such as 
the urinary tract Burke-Gaffney (1932) supports tlus Anew The preponderance of 
(erogcnes in soil has been found to be due to a similar state of afiairs 

The application of the Eijkman test to the cohform orgamsm in our study did not )acld 
consistent results and showed the presence in our senes of cerogenes which failed to grow at 
the higher temperature (44°C ) The tests for motility and capsule-formation showed several 
discrepancies and failed to help m classification Similarly, the fermentation of carbohydrates 
yielded in some cases results which were neither consistent nor helpful m assignmg the 
orgamsms to then proper groups Several CBrogenes organisms grouped by the V -P 
and M -R and Koser and Indol reactions failed to ferment saccharose and -some of the 
so-called coli orgamsms did not ferment didcite 

Discussion 

Bactenal infections of the urinary tract are beheved m many cases to have their source 
m the intestmes (Usland, 1922 , Walker, 1930 , Nabarro, 1930) One would, therefore, 
expect the same proportion of the coh and cerogmes groups m faeces as well as in urmary 
infections, but, in actual experience, it has been found that in urinary mfection, the ratio 
of oarogenes to coh is very much higher than what obtams in the large intestines ^ 

In practically all cases of intestinal disorders, e g enteritis, dysentery, typhoid, cholera, 
etc , we find that there is a definite variation bordering m some cases on a total upset of the 
normal cerogencslcoh ratio Krishnan and Chawla (1941) found that m cases of cholera, 
the wrogenes type m faeces may be as high as 95 per cent of the total cohform content 
Burke-Gaffney {loc cit ) and Raghavachan and Iyer (1940) suggest that B coh loses its faecal 
characteristics on being removed from its normal habitat, viz the large intestmes 
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33 0 
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It vould not be unreasonable now to argue that the changes occurring in the ccrogcncs/coh 
ratio may be and probably are due to a suppression of one type at the expense of the other, 
as a result of changes brought about by en\Tronmental conditions', thus, for instance, the 
alkaline pH of the content of the small intestines and the presence there of digestive ferments 
mimical to the life of the more susceptible group B coh , the acidic pH of the content of the 
large intestines, the possible absence of inimical ferments in that situation and the consequent 
fa\ ourable conditions for the grou'th and multiplication of B coh , these are indeed factors 
which appear to govern the (rrogeues/coh ratio in the two situations In cases of diarrhoea, 
d} sentery and cholera there wull often be a constant tendency to hasten and rush the passage 
of the intestinal contents towards the rectum, and the en\ironmental condition in the large 
intestines may, under such circumstances, approximate those found in the small intestines 
The rehtn e preponderance there of crrogenes in the large intestines is easily ex-plained A 
disordered state of the intestinal tract is found to be present in nearly all cases of urinary 
fection and the relatn e frequency and preponderance of tlie nrogencs types of organisms in 
uch infections can, therefore be easiR accounted for 

( 2 ) 










The preponderance of cerogenes m soil has been shown by many observers to be due to the 
greater powers of resistance of these types to natural forces at work and the favourable 
environmental conditions found in the sod, similar probably to those found m the intestines 
in the conditions noted above 

Experiments to determine the effect of variations in the pH and of other environmental 
factors on the coh/mrogmes relation are being conducted 

Stjmmaky 

A study of 72 strains of cohform bactena isolated from infections of the urmary tract showed 
that typical cerogenes forms were present in about 30 per tent, and typical coli orgamsms 
m about 35 per cent of cases Intermediates accounted for 18 per cent, while the rest could 
not be grouped This findmg is in agreement with that of other workers in England and 
Amenca 
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THE ACTION OF DYES ON VIBRIOS 

BY 

G PANJA, M B (Cal ), d sact (Load ), 
Officiating Professor of Bacteriology d Pathology 
AND 


S K GHOSH, B sc , 
Assistant Chemist 


{From the School of Tropical Medicine, Calcutta ) 


[Rooeived for pubbcation, March 1, IQfS ] 

Although the bacteriostatic action of dyes on certain micro-organisms has been the 
suliject of a considerable amount of study (Klme, 1935 , McCulloch, 1936) ive have been 
unable to trace any pubbshed records of their action on vibnos 

The results of tests of bacteriostatic and bactericidal action of 22 selected dyes on 
V cholera; and vibnos of other serological types isolated from rvater or cholera cases are 
now presented The dyes tested were — 


Bntlmnt green, ctystaUinc (Grublcr A Co ) 
Mnlachite green (Gmbler L Co ) 

Gentian violet (Grublcr L Co) 

Crystal violet (Grubler & Co ) 

Safranm (Grublcr & Co ) 

Methjl violet (Gmbler L Co } 

Basic fucham (Gmbler A Co ) 

Acnflavui (Boots) 

Thionin (Halbom A Sohn) 

Eofin (Baird A Tatlock) 

Methyl red (Merck) 


Methylene blue (Merck) 

Neutral red (Gmbler A. Co ) 
Mercnrochrome (Gmbler A Co ) 
Indigo carmine (Harlcco) 
Alizarin (Harleco) 

Nigrosin (Harlcco) ' 

Aniline blue (Harleco) 

Borax carmine (Harleco) 
Pyroam yellowish (Harlcco) 
Flnorescem (Harleco) 
Methylene nolet (Harleco) 


Preparation of dyes — Solutions were made m sterilized glass-distdled water at pH 6 8 
and put m the steamer for half an hour and tested for sterility They were freshly prepared 
before use The dyes were found sterile by this method 

Tests of baclenoslatiG properties — Plates were prepared with nutrient agar (pH 7 0) nuved 
with different concentrations of dyes and incubated overmght before moculation The 
inoculum consisted of purified young cultures of freshly isolated ^ ibnos m peptone-water 
Plates were divided into four quadrants and a thick large loopful of one strain was spread m 
each of the quadrants by parallel linear strokes When the inoculum had dried, the plates 
were inverted and incubated at 37°C for 24 to 48 hours and sometimes more An absence 
of bactcrioBtatic effect was noted by obsennng confluent and discrete colomes on the plates 
When no colonies or only one small colony were found, this was regarded for practical purposes 
as indicating a complete bacteriostatic effect Only one or two strains were employed m these 
experiments on bactenostasis, but 6 to 19 strains of each of the common species of nbrios were 
tested with methylene violet, pjT-onm yellownsh and fluorescein Most of the experiments 
w ere repeated for confirmation 

Tests of bactericidal properties — Quantities of 9 c c of peptone-water at pH 7 0 were 
inoculated wath y oung cultures of x ibrios and after incubation for 18 to 20 hours at 37'^C w ere 
mixed wath 1 c c of d\c solutions ind incubated for a further 2 to 20 hours The presence or 
discharge of the dx c colour x\ as noted A large loopful was then taken from the top of each 

tube, spread on an agar slope and incubated for 24 to 48 hours If there was no growth on agar 
c c xxas taken out and inoculated into about 7 c c to 8 c c of peptone-water to confirm its 
sterility As a nile it w as found that when the colour of a dye persisted and turbidity in 
the medium did not increase the culture was found dead In later experiments, the practice 
of inoculating ’ cc for testing stcnlitx was abandoned, and further inoculations with 
loopfuls oulx were imidc if there was any suspicion regarding the full bactcncidal effect In 

( 5 ) 
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special instances the medium used was nutrient broth, serum broth or peptone-iiater 
containing glucose or saccharose, m order to see whether a dye would still be bactericidal 
in their presence Only complete bactericidal effects were noted Vanations in results 
were seen when smtable dyes were not available and when the pH of the solutions was 
slightly altered It may be noted here that when 4 to 5 drops of culture were added 
to 10 c c of dye solutions in normal sahne, the lethal effect, if any, was well seen, 
as the number of vibnos to be dealt mth was exceedingly small in comparison vith, those 
present in 9 c c of culture Our standard method of assessmg the real value of a dye was to 
add the dye to 9 c c of young actively growmg culture 

Table II 


Bacienosiaszs by mdhylene molet 


\ 

Vibrio 

1 

1 Number of 
strams 

1 

1 

1/100,000 
per cent 

1/500,000 
per cent 

Innba sub type 

■ 1 

1 18 

100 positive 

100 


Ogawa sub t 3 'po 

10 

85 approximately 

50 nppro\imatch 

El Tor 

' IS 

84 

70 


Para cholera 

IS 

ov 

1 no 


Saprophytic 

19 

43 

1 

t 

>> 


hlethylcnc molet being a sensitive dye, its colour and bacteriostatic action disappear if 
prepared plates are even one-day old The outstanding points m Tables I and II are — 


] BriUmni green (1/100,000) 

Alalncliite green (1/50,000) 

2 Cr\fifnl ^J0lct (1/100,000) 

Slcthjleno wolct (1/100,000) 
XennaMn (1/50,000) 

Gentian Molct (1/50 000) 
Methjl Molet (1/60,000) 
^Icth^Icno blue (1/50,000) 
Tlnonm (1/25,000) 
l’\ ronin ■N cllo« isli (1/50 000) » 
„ (1/100,000) 
bluorc‘'Ccin (1/50,000) 


lUcrcuroclironic (1/5,000) 


,''ifnnin (1/5, 0**0) 
U'l'-ic fuch“in (I 5 0(Hi) 


Fo^in 
Metlul red 
rveutml rtd 
Indign ennnine 
\lizann 
NlgTObin 
Aniline blue 
Borax canninc 


I (1/5,(HH>) 

- (I'l «HMI) 


Inhihtls 

Iinibn, Ogniin, FI Tor and Basra nbrios and also Bad coh and 
Bad flexneri but not Bad typhosum and Bad paratypJtoaum A 

Do 

Inaba, Ogawn, El Tor and Basra vibrios but not Bad coh, Bad 
typhosum, Bad paralyphosum A and Bad Jlcxncri 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Dots not inhibit aiy of file aboic 

Innba, Ogawa, 1 1 lor and a fen of the non agglutinating vibrios 
but not Bad coh. Bad typhosum, Bad paralyphosum A and 
Bad flexneri 

Inuba, Ogavva, El Tor, Basra vibrios and also Bad rob, Bart 
typhosum. Bad jmratyphosnm and BaeJ flexneri It docs not 
inhibit the vibrios in 1/10,000 

liiaba, Ogavva LI Tor aiirl Basra vibrios but not Jiact coh, Bact 
typhosum, Bact paralyphosum A and Bad flexneri 

Jnaln, Ogawn, LI Tor, Basni vibnos and Jiarl flexneri but not 
Bact coh, Dad typhosum and Bad parntyphosnm A 

Do not inhibit anv of the iiliove 


Do not inhibit Inaba, Ogavva, FI Tor and non agglutinating vibnos 


It wUl be seen from the above that red dyes have a poor bacteriostatic effect Several 
strains of freshly isolated luaba and Ogawa sub-ttpes vere tested vith bnlhant green and 
acrifla\ m with umform results 
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Bactericidal etfeeiments 
Table III 

Nntncnt broth cuUnre Final dye eoncenlraiion 1/100,000 
Time of contact 18 (o 20 hours 



Ae = Dact <trogcnc« V F = Vtbno Jmcalts 

-f- = growth — =« no growth, i o death 


In eTpcnmente v, itlv tlie green dyes, it was often noted that if the green colour persisted 
and that there was some clearing, the organisms n ere killed On the other hand, discharge 
of green colour associated with increased turbidity indicated that the organisms nere ahve 
and growing 

A peptone-water culture of a standard Inaba strain was treated with several d} cs 
and the resnlts are expressed m Table W — 

Table IV 


Ujes 1 

1 

2 hourt 

m 

' 20 hours 

1 

1 

BnUmnl preen 000 

D 

D 

Malachite green I/IOOOOO 

D 

D 

Crj'stal MWel 1/100 COO 

D 

D 

Acnfinian 1/50 000 

(D) 

D 

Do 1/100 000 

A 

A 

Gentian Molct 1,26 000 

D 

D 

Do 1/60 000 

A 

' D 

Thionm 1/10,000 

1 (D) 

, A 

Do 1/25 000 

A 

' A 

Safrnmn 1/26 000 

(1>) 

A 

Do 1/50,000 

A 

1 

1 

1 


D — comulctc death (D) = almost complete death onlv 
one or tao colomes arc found on culturo of a thick loopful 
A = nine 


It tnll be seen from Table IV that brilliant green, malachite green and cnstal nolct 
(1 in 100 (100) kill Inaba sub-hpo of V cholcrcc in 2 hours Acnflaim (1 in 50 000) kills in 2 
to 20 hours but in a dilution of 1 lu 100,000 has no lethal effect 

Gentian nolct {1 m 50 000) kills in 20 hours but 1 in 25,000 in 2 hours Thionm (1 m 
10,000) kills the hiajoriH m 2 hours hut later the organisms otergrow In a dilution of 1 in 
25,000 no lethal effect is seen Safranm (1 m 25 000) hulls the majontr m 2 hours but later 
the lei lull effect does not persist and the organisms o\ ergrow In a dilution of 1 m 5 000 no 
killiug effect IS seen ’ 
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Having found that vibrios are very sensitive to the green dyes, the dyes were tried on a 
large number of strains and the results of experiments are given m TaWes V, VI, VII and 
VIII The time of contact with the dyes was 18 to 20 hours m all the experiments 


Table V 


Culture in peptone-water , dye used is brilliant green in a final 
concentration -of 1 in 100,000 


1 

1 

Orgamems | 

Total number 
of strains 

Numbers 

dead 

1 

Numbers 

alive 

Percentage killed 

' 1 

Inaba 

20 

20 

0 

77^ 

Ogawa 

El Tor 

48 

1 

43 j 

' 1 1 

5 

0 

> approximately 

Cholera case NAG i ibnos j 

DO 

i 25 

71 

291 

I 


NAG = non agglutinating 


Table VI 


Culture in serum broth ; dye used is brilliant green in a final 
concentralion of 1 in 100,000 


Organisms 

Total number 
of strains 

j Numbers 
dead 

Numbers 

ahve 

Percentage killed 

Inaba ^ 

8 

7 

1 

881 


Ogarva 

11 

10 

1 

00 

■ approximately 

Cholera case NAG 

48 

! 5 

i 

43 

10 


*■ Table VH 


Culture in peptone-water ; dye used is malachite green ; 

dilution 1 in 100,000 


Orgamsms 

! 

Total number 
of strains 

Numbers 

dead 

Numbers 

1 alive 

j Percentage killed 

Inaba 

11 

8 

3 

73 I 


Ogawa 

16 


3 

80 1 

/ 

El Tor 

1 

1 

0 


- approximatelv 

Cholera case NAG 1 

35 

16 

20 

43 


Hooghly NAG ' 

16 ' 

1 

0 

16 

oj 



Table, VIII 


Culture in nutrient broth ; dye used is malachite green ; 

dilution 1 in 100,000 


Orgamsms 

Total number 
of strains 

Numbers 

dead 

Numbers 

ahve 

Percentage killed 

Inaba 

1 

1 

0 

1 


Ogawa 

1 

1 

0 

1 

( 

• approximately 

Cholera case NAG 

27 

c " 

1 

- 21 

1 

22 J 
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The nho\ c results sho\\ tint most of the true cholera ^ ihnos (Inaba and Ogavra sub- 
t\-pes) are Inghh ‘^cnsitnc to the green djes About 20 to 40 per cent of para-cholera nbrios 
from chmnl cholera crises arc also highh sensitive but soin^eof the non-agglutmating vibrios 
lEolited from Hooghlv water were tested and found all non-scnsitiv e to the green d}es It 
appears therefore that the saprophv tic v ibnos are probabl} non-sensitiv e to the green d} es 
whereas those found in chmeal cholera m man arc mostl} sensitive 

Erhlwti of dyc-scimtnily to jxithoycmcity and anhqcmc slnidnrc — As stated above, most 
of the Inaba and Ogawa sub-tv pcs of T' cholera' which arc known to be pathogenic to man 
were found highlv sensitive to the green dyes A few of the d) c-rcsistant strains were tested 
for roughness by thermo agglutination tests and the result was ncgativ c Colon} appearance 
sugecsted that the} were all smooth The question of infection of the dv c-resistant strains 
with bacteriophage was not studied 

D}c sensitivitv and pathogcmcitv to guinea-pigs and rabbits were not found uniforml} 
correlated Some saprophytic non-aggliitmatiiig Hooghly water vibnos, although completely 
dve non-sensitiv e w ere found p ithogcnic to animals As regards invasiveness of the vabnos, 
dv e-sensitiv c strains w ere found more comnionlv and earl} inv asiv c into the circulation and 
tissues of gumea-pigs 

Bactericidal action of green dyes on organisms other than the iibrios — Table IX shows the 
results of an expenment with bnlli int green and malachite green Vibrios were also put up 
as controls One stram onlv from each species was tested 


Table IX 

Brilliant and malachite green dyes 1 in 100,000 were tried separately and (he 
results tcere identical Only one strain of each organism teas tested Time 
of contact = 18 to 20 hours Culture in nutrient broth 


Orgamsme 


r cholera: (Inaba) 

1’’ cholera: (Ogawa) 

V El Tor 
ri5no Baera 

Case Tibno (XAG) Xo 114 A 
Case Tibno (XAG) Xo 1S4 A I 
Case vibno (XAG) Xo 1S2A, 
215 C & H XAG 4S5 A. i 

Vibrto feetahs 

Bad (yphotum t 

„ mralyphosum A, B 
and C 

Bad facalis olcaligenrs 
„ cnlenltdie 
„ aberdeen 
„ Stanley 
„ aertrycLc 
,, sendat 
Br meltiensis 
Br abortus 
Bad Pexnerr 
„ shtga: 


Persistence 
of green 
colour 

Alive 

or 

dead 

Organisms 

Persistence 
of CTeen 
colour 


D 

Bad sonnet 

_ 


D or A 

f. colt 



D 

, doacw 



D 

„ iXTogents 

— 

+- 

D 

„ morgani 



— -I- 

D 

„ ai^aticum 


-b-f 

A 

„ carofinw 





Ps pyoryanea 



+ 

D 

Proteus vulgarts, XIO, XZ 



— 

A 

and XK, 


— 

A 

Chro prodigtosum 




StaphyJo aureus, albus. 



D or A 

citreufi 



A 

Siripioctxcui "pvootnts 

. 



airepto facalis 


— 

A 

Yeast 

4- 



B subtilis 


— 

A 

B anihracis 

4> 

O- 

A 

Past pestis 




pseudofuberculosts 


— 

A 

, eeptica 

■ 


A 

castle bacfllus 



1 - 


Alive 

or 

dead 


A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

D 

A 

D 

A 

A 

A 

A 


It IS mteresting to note that the dye kills anthrax bacilh and not the hacDh of the suhtihs 
group 

Selcdiee action of green dyes on Y cholerm -To 7 c c of nutnent broth, 3 c c of ronne 
broth culture of Inaba and 2 drops of cnltnie of Bact coh are added and then the mixtme if 
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incubated After 18 to 20 hours’ incubation, Bad coh and Inaba can stdl be isolated on bile- 
salt-agar medium by direct platmg But when to 6 c^c of nutrient broth, 1 c c of 1 /10,000 
brilliant green, 3 c c of Inaba culture and 2 drops of culture of Bad coh are added and the 
mixture is incubated for the same period, the colour of the dye is sometimes discharged and 
only Bact coh can be isolated from the mixture and not Inaba 

These findings show that the dye m a concentration of 1/100,000 has a selective bactericidal 
action on the vibrios, for in the control broth, the orgamsms were all ahve A similar expen- 
' ment was performed by taking a bigger dose of Inaba, namely 9 c c of culture in broth, and 
addmg to it one loopful only of culture of Bad coh and 1 c c of 1/10,000 of bnihant 
green solution , the same result was obtained Malachite green behaved in the same way as 
bnihant green The experimental results are shown in Table X — 

Table X 


Mixture 

Colour 
of dye 

Result 

7 c c nutrient broth (pH 7 0) 4- 3 c o of Inaba m broth culture 
-(- 2 drops culture of Bact coh 


Zniibfli -] — 1 — [ — }- j colt “I — f" 

6 c 0 nutnent broth -(- 3 c c culture of Inaba -f- 2 drops culture 
of Bad coh -flee bnihant green (1/10,000) 

+ 

Inaba — , coh -f-(- 

0 0 0 broth culture of Inaba -j- 1 drop culture of Bad coh 


Inaba -|--f, coh -f- 

9 c c broth cidturo of Inaba + 1 drop of culture of Bad coh 
-floe bnihant green (1/10,000) 

+ 

Inaba — , coh -f-i- 

- culture of Inaba -f- 1 c o bnihant green (1/10,000) 

V 

+ 

Inaba — 


The same result was obtained if the culture medium used was peptone-water, and 
malachite green was used instead of brdhant green 

hnpojtance of tlhc colour of tite dye — If the colour of brilliant green is partly or wholly 
' dischaiged by adding a few drops of an alkali, the dye fads to kxU vibrios even m a low ddution 
of 1 m 1,000 All alkali precipitates the dye and hence no dye can get absorbed by the vibrios 
to exert the lethal effect An expenment conducted wth final concentration of the dye 
I from 1/1,000 to 1/100,000 shows that the dye lolls vibrios, but no kdling effect is seen when 
the colour of the above concentration is discharged by an alkali either before or after the 
1 dye IS added to the culture It may be mentioned here that an acid does not discharge 
the green colour 

Effect of bnihant g)een on lltc clioleia stool — Brdhant green m a ddution of 1 in 5,000 added 
' to cholerA stools (known to contam V cholerce) to render it shghtly green is highly bactericidal 
I to vibnos The result is given below — 

' ' No dye ndded to 25 snniplch of cholera stool 100 per cent rcco\cry of Mbnos from the samples 

I Dye added to the same samples 24 per cent rcco\cry of ^^b^os, ic no ■Mbnos 

isolated m 76 per cent of the samples 


1 


Effed of tlte dye on wan and animals — Brilliant green (1 in 5,000) m ^-oz doses 
every 2 hours given to normal persons and cholera cases is usually retained and no 
untoward effects are observed except sometimes coloration of the unne The dye in the 
aliove concentration when administered by stomach tube in 50-c c doses every day for 
3 consecutive days is non-toxic to monkeys The dye is also non-toxic to rabbits^ guinea- 

pigs and mice 
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Effect of the dye vt treatment of cholera ca<tcs — solution of bnllinnt green (1 m 2,600) 
sweetened with 2 per cent enne sngnr nnd fln\onrcd nitli n little spt nientli pip was given 
to *^5 cases of cholera in ^-o? doses c\ cr\ hour for G to 8 hours A few patients did not like the 
niivtiirc nnd a fev aoniitcd This a oinitnig might lm\e been the ordinary vomiting of cholera 
Stools ucre examined before and after the dye treatment from day to day b} direct plating on 
bile snlt-ngar, modified 'Wilsou-Blnir medium nnd In the caiidlc-boric-peptone-nnter method 
of Pnnja (1042) In untreated cases vibrios gcneralh disappeared from the 4th to the 7th dav 
after the illness but in the dyc-treated cases the organisms gcnernll} disappeared earlier in 2 
to 3 davs In a fev of the d\ c-treated cases, xabnos persisted up to the 5th or Gth day No 
definite clinical improvement could be attributed to the dje It max be that the alkalinity 
of the intestinal contents inhibits the bactericidal action of the dye 

Studies arc being made on the action of several other dx es on xabrios 


SuXtXIARX 

1 Brilliant green (1 in 100,000) exerts a bacteriostatic effect on Inaba and Ogana sub- 
txT>es'of Y chdlcrcr, El Tor xibrio and the Basra strain of non-aggliitinating x ibrio Crxstal 
xaolet and meth}lene xiolet (each 1 in 100,000) malaeliite green, aenflaxm, gentian xaolet, 
methyl xnolet methylene blue fluorescein, pxronm xelloxxish (each 1 in 60 000), thionin (1 in 
26,000) mcrcurochronie safranm and basic fuchsin (each 1 in 6 000) exert the same inhibitory 
effect on the aboxe xibrios Eosin methxl red, neutral red borax carmine indigo carmine, 
alirarin, aniline blue and uigrosm (each 1 iii .6,000) do not inhibit the xnbrios Bed d}e3 haxe 
poor bactenostatic effect on vibrios 

2 Brilliant green and malachite green dyes (1 in 100 000) exert a complete selectix^e 
bactericidal effect on most Inaha and Ogaxxa sllb-t}^)es of V chnJerer and on large numbers of 
para-cholera xabrios isolated from clinical cholera cases but arc harmless to non-aggliitinating 
X ibnos isolated from Hooghly xvater 

3 The few dye-resistant strains of F cholera that xverc testbed were not found rough 

4 Dye-sensitixaty and pathogenicity to laboratory animals were not found uniformlx 
correlated As a rule dye-sensitive strains were found more commonly and early 
invasive 

5 Prganisms belonging to the genera — Bncteruim, including sahnoJicUa and shqella, 
profeiis, pyocyaiiea, staphylococcus streptococcus, and sublihs group are not affected by the 
same concentrations of green dyes 

6 Acriflaxan, crystal xnolet, gentian xnolet (1 in 100,000) fail to exert the bactencidal 
effect on Inaba and Ogawa siib-t}pe3 of xnbrio cultures in nutrient broth 

7 As a rule persistence of green colour nnd clearing of turbidity after contact xvnth 
the organisms indicate sfenlity and discharge of colour nnd presence of turbidity signify 
multiphcation 

8 The presence of an excess of alkali m the medium prevents the bactencidal action of 
the green dyes 

9 The green dyes (bnllinnt and malachite) are non-toxic to man and laboratory animals 
in the doses employed 

10 Bnllmnt green added to cholera stools in a final dilution of 1/5,000, kills the vibnos in 
the stools Thirty-fix e cases of cholera were treated rnth the dye per mouth Vibnos in the 
stools disappeared earlier than in the untreated cases, but the chmeal improvement was not 
marked as a rule, due probably to m-activation of the dye by alkaline intestinal contents 
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.STUDIES IN FISH-LIVER OILS 

Part i 
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^ MILES) AND MUSHI- {SCOLIODON SORROKOWAII] LIVER OILS 
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CORRIGENDUM 


Cert^m tvpogrt,ph,ct.l erroi, hare occurred m tbe scleoUfic uorue* f 
Tubl^ I to nl^^ur corber T>upor ur th. Jourued. 20. PP^270-285, 1041 >^0 

rrotdft should read as follorrs (1) SeoUodm tcrrotoicah for Scoliodon ic^lncah, (2) B rp 
nchacui for Barpe^on nth^rcM and (3) Polynrmm Wrodaclytus for Potyuemus (eiraclylut- 

S P Xvyo^ 


lueuuuua 


Table I 


Some coHsfaJifs of vnishi and gJioI-hver oils 


Name of od 

Acid 

1 value 

Saponific 

value 

Iodine 

value 

Unsaponifiable 
matter, 
pet cent 

Xlushi 

2 40 i 

203 

i 

134 

2 87 

Qhol 

1 35 

184 3 

130 

6 00 

- 






Samples of rmislu- and ghol-liver oils -vrhich gat e 7,300 I U and 42,000 I U per g 
of oil respectively by the tintometnc method were used for the biological assays of tntatnms 
A and D 


The vitamin A assay 

Coward (1938) has stated that out of the several methods that are followed for the 
estimation of titamin A biologically 'the mcrease in weight method has the distinct 

( 15 ) 



advantage over the other methods in having a jcnterion that is easily measured ’ Hence 
the growth method was adopted in this investigation 

The diet used in the esUmahon of mtaimn A. — The diet consisted of 

Per cent 


Casein (extracted with ether and alcohol) 16 

Dextrimzed rice starch 77 

Marmite ' 4 

Salt mixture (Osborne and Mendel, 1919) 4 


The above diet was supplemented with diluted. Radiostol which provided ^8 I U of 
vitamm D per rat per week, each rat being fed twice a week — 14 I U at a time The 
starch was mixed with sufficient water to make solid lumps and these were broken into small 
pieces and were baked in a pan on an ordmary gas cooking stove until brittle The starch 
thus dextrimzed was ground and mixed in the diet The diet was served uncooked to 
the rats after mixing all the ingredients 

Procedure — ^Forty-eight young rats four weeks old and weighmg between 35 g and 40 g 
were equally divided mto six groups and fed with the vitamm A-free basal diet mentioned above 
They were weighed once a week for the first two weeks of the preparatory period, then twice 
a week until the rate of growth slowed down further still and then every day tdl they ceased 
to put on weight When the weight reached a steady stage three groups out of the six 
were given orally a supplement of 0 223 mg , 0 446 mg and 0 892 mg of mushi-hver oil per 
rat per week for three weeks The animals in the other three groups, i e the conteol 
groups, received doses of standard cod-liver oil corresponding to 3 5 I IT , 7 I U and 
1 4 T U of vitanun A per rat per week for three weeks The weights of the rats m both 
the groups were recorded twice a week The results are given in Table II The graphs 
showmg the increase in weight agamst the logarithms to the base 10 of the doses given 
(mg of mushi oil or I U of standard oil) were drawn on the same graph and the 
vitamin A content of the oil was calculated from the graph following the method adopted 
j )y Coward {loc ctt ) The same procedure was adopted in the case of ghol-liver oil The 
' lesults of duplicate experiments are included m Table' II — 


Table II 

The doses and ^naease tn weight of musht- (sharl) and ghol-hver oils as compared 
unth slandaid cod-hvci oil and then vitannn A content 

(Results are given for complete 3 weeks’ test period ) 


- 


1 

i 

Standaed cod liver oil 




Increase in j 
weight lu 
g 

1 

1 



Vitamin A 


1 Dose of oil in 



content in 


1 n’g 

1 

Dose of oil in 

I U 

1 

Increase in 
weight in 
g 

I U per g 
of oil 

i 

Mushx liter oil 

1 

] 341 

4 5 

1 10 6 

4 8 

) 

1st expenment 

2CS2 

8 0 

' 21 0 

9 3 

7,079 

5 364 

89 

42 0 

G 

1 

) 


0 670 

24 

1 

10/5 

46 

7,440 

2nd expenraent 

1 341 

2 682 

44 

84 

1 21 0 

1 42 0 

1 

1 8 7 

17 0 
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TAUiiF TI — conrld 



! \ 

Do^c of oil in 


j niR 


bT\M)AnD con HM>n oil 


IncrcKHO in ~ ~ ” ~ 

vroigUt m 

i» , Uo-io of oil in 

! 1 U 

I 


Incrctiao m 
weight m 


Vitamin A 
content in 
I U per g 
of dll 


OM !iicr oil 
l«l c\pcnmriit 


0 211 

$0 

O-ilili 

IS 

0 91$ 

110 


10 I 

18 

21 0 

7 D 

42 0 

10 $ 


J2,177 


2rni c’cpenincnt 


0211 

to 

0 40(1 

74 

0 914 

114 


10 5 

4 0 

21 0 

94 

42 0 

1() 1 


28,201 


^Vc— The staiidnrd cod-lncr oil used m investigation was obtained from the Nutrition 
Research Laboratories, Coonoor It had been spectrographically assayed and was found to 
contain 2,100 I U of vitaium A per g of oil 

Vitamin D assay of mitshi- and ghol-hvcr oils 

The bone-ash method has been employed m the present assay of vitamin D For a 
discussion of the rclatnc merits of various other methods Coward’s (loc cit ) monograph may 
be consulted 

Smcc these oils contauicd \ erj large quantities of vitamin A it w as likely that the latter 
nught interfere w ith the ntamin'D assay The vitamin A ivas therefore destroyed by passing 
oxjgcn through the oil which was maintained at 100°C When a sample of the oil thus treated 
failed to gi\e colour with SbCls when dissolved in chloroform the bubbling of o'cygen w'as 
stopped Accordmg to Drummond and Coward (1920) passing in air at 96°C for 3 hours 
completely destroys the vitamin 

Did — The vntamm D free basal diet had the following composition — • 



Parts 

Cane sugar 

49 

"Starch 

216 

Egg-white (dried) 

18 

NaCl 

1 

CaCOs 

15 

Jfarmite 

40 

Ohve oil 

45 

Red-palm oil 

05 


This diet is prmcipally the new rachitogemc diet of Schneider and Steenbock (1939) It 
has a normal calcium and a low phosphorus content Although Schneider and Steenbock 
published then work m 1939 the authors are not aware of attempts made anywhere to use this 
new diet in vitamm D assay There are two pomts in favour of usmg it in assay work (1) 
greater measure of success m producing rickets in rats and (2) a considerable shortening of 
the experimental penod 

Procedure ^Fifty-six young rats four iveeks old and weighmg between 35 g and 40 g 
were equally divided mto seven groups of eight in each and fed with the rachitogemc diet 
The rats in three groups received increasing doses of mushi- or ghol-himr oil as the case might 
be, the anunais m the other three groups receivmg the doses 0 175 I U , 0 350 I'D and 0 7 I U 
of vitamm D respectively of the standard oil per rat per week for 3 weeks One group served 
as the negative control The exammation of the epiphyses of tibiee of these animals showed 
J, MB ( 17 ) 2 


presence of rickets Tke assay period lasted for three w^eeks at the end of which the rats i\ere 
killed, their femora removed and freed as completely as possible from the adhering tissue by 
washmg with water and mbbmg with a piece of cheese-cloth Each bone was broken into 
two, tied up in a piece of filter-paper and extracted m a large volume of boiling alcohol for about 
an hour and then with ether for at least 24 hours in the Soxhlet extractor The bones were 
then dned to constant weight Each pair of bones was ashed by heating in a silica crucible 
over a Bunsen burner to constant weight and the ash-content determined The results given 
by the animals m each group were averaged and the averages compared 

For calculatmg the vitamin D content the percentage weight of ash vas plotted against 
the logarithms to the base 10 of the doses given (mg of the unknown or I U of the standard 
oil) The value for vitamin D was calculated from this graph by finding out the doses 
for the same mcrease m the weight of the ash on the standard od and the unknown The 
results of the assay are given in Table III . — • 

Table HI 

The doses and the percentage tnctease tn weight of hone-ash for miishi- (shall) and 
ghol-hver oils as compared with the standard cod -liver oil in the detei- 
mination of iha vitamin D content of the former 

Rats on expejujiental I Rats on standakd 

OILS j COD LIVER oil 

i 

Dose of oil in r, . 
mfi mthrqc Pcrccntiige 

NS coke 


3C 3119 

7 2 33 30 

14 4 30 06 


0 90 32 30 

1 80 * 37 15 

3 00 35 88 


0 90 31 93 

1 80 30 62 

3 00 39 50 


Note — The standard for \ntamm D used m these assays was a sample of the United 
States Pharmacopoeia (U S P ) reference cod-liver oil obtained directly from USA and 
labelled to eontain 95 U S P XI vitamin D units per g of oil The U S P XI vitamin D 
unit IS the same as the International Unit of vitamin D 

Discussion 

That the mushi- and ghol-liver oils were very nch m vitamin A had been shown by the 
tmtometric assay As mentioned earlier it was necessary to prove by biological experiments 
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that the ^vhole of the chromopenic substance which gn\ e the blue colour with SbCls was vitamin 
A. Such expenuients with the mushi-ln cr oil lla^c i leldcd vitamin A \nlues which are identi- 
cal with those obtained by the tintometnc assay In the case of tlic ghol-liver oil, however 
the biologicalh obtained" Mtaniin A ^alue was 30,320 I U per g (aacrage of duplicate 
experiments), w hercas the tintometnc method had gn cn a value of 42 000 I U per g (Table 
II) Thus, It seciiis that m ghol-livcr oil there exists a substance which does not promote 
growth and which makes up nearh a third of the total chromogcnic matenal responsible for 
the blue colour wnth SbCls 

It maa be of interest to discuss here some points about the interpretation of the 
results obtained bv the larious non-biological methods of assay The relationship of the 
Loinbond. Blue unit and Sherman unit obtained biologically has been investigated by Noms 
and his colleagues (1^29, 1932) who find no definite relationship between the two i)n 
attempt to establish a factor for interpreting the Carr-Pnee a alues in terms of I U has been 
made by other workers also Carr and Jewel (1933) working on a vitanim concentrate 

give a ratio of Lathbury (1934) found a ratio of 20 to 1 for a distillate 

of the od and 40 to 1 for the cod-hver oil Holmes and Corbet (1937) report a ratio of 30 
to 1 on a crj'stalhnc \ntamin concentrate 

A similar uncertaint) exists m the interpretation of the values obtained spectrographicalh 
The comersioii factor of 1,600 has been accepted bv the Permanent Commission of Biological 
Standardization of the League of Nations Seshan (1940) and Eajagopal (1941) have used 
this factor m com crting spectrophotometric \ alues into the International Units They compare 
the I U thus obtained wath the Blue Units calculated by the tintometnc assay The ratio of 
the Carr-Pnee xaluc to the E (extinction coefficient) values was found to vary between 10 and 
38 to 1 by Seshan , the aanation was, howcaer, less m case of oils liaamg a large vitamin A 
content or when the determinations were made on the unsaponifiable matter Bajagopal 
found the ratio to aary between 33 and 131 The ratio a^aned from sample to 

sample of the liver oils of sharks and saw-fish inaestigatcd It is probable, therefore, that 
greater discrepancies are likely to be met anth if a uniform conaersion factor is applied to 
the blue values obtained with oils from the livers of different species of fish 

In anew of the considerations outlined aboae the authors feel that wheiieaer a new source 
of aitamm A is found it should be subjected to all the three methods of assay before applying 
any factor to conaert the colonnietnc or spectrophotometric values into International Units 
of vitamin A 

So far as the aitamm D content of these two oils is concerned the assay shows that in 
companson to their aitamm A content the former is almost negligible, a finding which is along 
the same lines as those of Eanganathan (1941) ^ 

Sojimary. 

The hver oils from the two fish, viz mushi (Scohodon sorrokoxcah) and ghol {Scicrna miles), 
were subjected to tbe tmtometnc and biological methods of assay for vitamin A The factor 
used to convert the blue values (as read) to I U was 4 2 (Bomskov, 1936) The two methods 
gave values which agreed in the case of mushi-hver oil The biologically obtained value for 
ghol-hver ofl was, however, considerably lower than that given by the tmtometnc method 

The vitamin D content of these two hver oils determined by the bone-ash method was 
97 I U and 575 I U per g of oil for mushi- and ghol-hver oils respectively 
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It was noticed enrl} during the course of the stud) of fisli-lD er oils that the \ itamiii A 
content as well as the Meld of the oil from the Iner of anj particular variety of fish ^arled in 
different months of the } ear As some of these In er oils arc nlread 3 ' m use as substitutes of cod- 
Ineroil it is essential to know to what extent \ariation niaj he expected to occur and whether 
the canation shows am particular trend during the \ear The Iner oils of four \orieties of 
fish, M 7 miishi (Scohodoii sorroLoicah), ghol (Scio'iia miles) shengti (Macroiiei glmlo) and 
wagli (Dasghatus imbricatus), were chosen for stud) 

In e^e^) month one sample of fish Iner of each varietj was obtained and the extraction 
of the oil in duplicate end colormietric estiinatiou of a itainin A were carried out as described 
in the earlier paper (Niyogi et al , 1911) The figures are gnen in Table I — 

Table I 

Monthly obsenaiions on the yield and the vitamin A content of some liver oils 


llontb 


JiLsni (Scohodon 
lorrohncah) 


Waoli (Daiyla w 
imbncalus) 


GnoL {baanii 
notes) 


Shenoti [Macrones 
glut to) 


Oil per BlueLnits Oil per BlueUnifs 
cent per g cent per g 


Oil per Blue Units Oil per Bine Units 
cent per g cent per g 


1940 

ilof 

Tune 

July 

August 

September 

October 

N OTcmber 
December 

1941 

Januan 

Februarv 

Match 

Apnl 


49 80 

8 863 

01 40 

0,824 

23 70 

9 072 

03 40 

6 630 

47 81 

6 676 

00 90 

2 052 

68 40 

2,121 

48 60 

2,631 

41 30 

0 437 

39 03 

0 503 

42 60 ' 

0 324 

43 GO 

0,260 


1 


29 17 ' 

300 

26 64 1 

490 > 

26 76 1 

218 ' 

31 70 ' 

332 1 

20 00 

1,208 1 

27 30 

1,987 1 

26 80 

714 

26 34 

080 

26 40 

034 

23 20 

688 

22 80 

487 

23 46 

474 


10 60 

, 7 843 

17 26 

7,060 

7 04 

1 9,703 

6 07 

' 17 140 

4 26 

1 19 286 

Sample i 

could not be 

obtained 

4 89 

11,111 

7 30 

9,S02 

10 32 

8 644 

9 03 

8 932 

12 00 

7 364 

14 62 

7 091 


7 85 

9,690 

7 40 

0,892 

4 97 

7,963 

2 73 

8,371 

1 34 

13,000 

1 34 

14,290 

6 20 

7,994 

8 20 

7,091 

0 20 

7,236 

7 06 

7,839 

8 76 

7,832 

8 86 

8,090 


A 


The observations extended over a period of one full year 


The results obtained 
content of the latter 


show that there is a vonation in the yield of the oil and the i itaniin 
Ihis vanation is Tery irregular in mushi-lner oil, it is least marked 
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Blue Units lousand per g of oil. 


Graph 



0 01 02 03 04 0 5 0 6 0 7 0 8 0 9 10 || IZ |3 

JLog. of yield of oil in per cent. 

The relationship between the yield of the oil and its vitamin A content. 
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m vragli-Uvcr oil vrliereas with the other two fish-liver oils there is a tendency towards h 
decrease m the a icld of oil from the livers during the monsoon Tins observation raises some 
important questions Firsth, can some reason be ascribed for these a nriations and, secondl}^ 
IS there a relation between the ancld of the oil and its aitamm A content ’ In the light of the 
aa ailable information it is not possible to gi\ e a definite nnsw er to either of these two questions 
l\roltcno and llapson (lOt*)) state that m the fish geeibcek {Alraclotcwt) aqindois C and V) a 
decrease m total aitamm A content of the liaer accompanied increased intensity of feeding 
Peslnn (1^10) obseraes that during the spawning season the aitamm A content of the liver oils 
of eight diiTercnt species of fish, including sharks, is poor, while in the growth season it is fairly 
large There is no definite information aaaiialile about the life-histor) and habits of any of the 
fish under inaestigation and hence no particular reason for the obseramtion can be assigned 
Ana of the following conditions, air the age 8c\, si/c, feeding habit or breeding season, might 
probabla influence the aicld of oil and its aitamm A content Other workers have confined 
theni'ielaes to the stud) of changes m the aitaniin A content of the oils Bills ct al (1934) have 
reported that the aitamm V content of the halibut-ha er oil aaas related to the oil content of the 
liver, but that the decrease in aitamm A content during certain months of the year was 
disproportionately greater than the increase in the oil content, suggesting that other factors 
m addition to dilution controlled the aitamm A concentration of the oil 

In the present inaestigation an attempt has been made to correlate the yield of the oil 
with its a itauiin content No relationship could be established in the case of mushi- and 
wagli-haer oils So far as the ghol- and shengti-Iia or oils are concerned, hoavea'er, the 
a itannn A concentration w as found to aar} with the logaiithin of the percentage yield 
Wien the two aacre plotted on a Graph a straight line passing through the n a\nnum number 
of points was obtained The relationship maj be expressed ns follows — 

Vitamin A (m Blue Units 

per g of oil) = A log P C 

where K and C are constants and P is the percentage peld of the oil 
For ghol-liaer oil the expression is 
Vitamin A = 0 42 log P + 9 0 
and for shengti, vitamin A = 0 04 log P + 7 97 

Thus, it avail appear that at least m two cases the vitamin A conccntiaticn depends on 
the yield of oil from the livers Further work seems to be necessary to confirm this inter- 
esting observation 

Sotimary 

The seasonal variation m the yield of the oil and the vitamm A content of liver oils, of 
four varieties of fish, viz mushi, wagli, shengti and ghol, has been studied 

The Jneld of the oils from the livers varied from month to month, m the case of each 
fish The vitamm A content also showed large variations There was no defimte relation 
between the yield of the oil and its vitamm A content in the case of mushi- and wagli-hver 
ods , but m the case of shengti and ghol, the vitamm A concentration was found to increase 
as the yield of the oil decreased The relation between the two is given by the expression 
vitamm A = A log P + C where P is the per cent yield and K and C are constants which 
are different for the two oils 
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In nil enrlier paper (Kliornnn Sarnia and Gin, 1942) the \ allies for the nicotinic acid 
content of larions tipes of fish canpht in the coastal waters of AValtair, which constitute an 
important source of food in the Northern Circars, were presented The present in\ estimation 
relates to the jiroteni and niincml contents of the muscle tissue of the fish 


Experimevtai 

Mot^turc — For the determination of moisture, BkImcII and Sterling’s (1925) distillation 
method isas adopted in which a modification of the tube used b)' Dean and Stark (1920) was 
einplojed toluene being used for the immiscible volatile liquid The results obtained by this 
method are aery satisfactory and the duplicates agree very well {see Allen’s ‘Commercial 
organic analysis’, 1932) 

Nitrogen was determined by the Kjeldahl method 

Calcium was estimated by the usual method of precipitating the calcium as calcium oxalate 
and titrating with potassium permanganate 

Phosphorus — ^The total phosphorus was determined by the method of Ejng (1932) by 
digesting the tissue with percliloric dcid and estimating the inorgamc phosphorus colon- 
metncally by the method of Fiske and Subbarow (1925) after neutrahration 

Iron was deterrmned by the method of Kennedy (1927) 

Copper was estimated by the method desenbed by Tompsett (1934, 1935), which is based 
on the lii-ethyl-di-thiocarbaniate reaction of Callan and Henderson (1929) as modified by 
McFarlane (1932) 

The results obtained are summarized in the Table The values given are the average 
obtained on two estimations 


Discussion 

The protein and mineral contents of fish available m other parts of the country have been 
investigated Saha and Guha (1939) have investigated the moisture, fat, mineral matter 
protem, lomzable iron, total iron, calcium and phosphorus of 24 difierent varieties of Bengal 
fresh-water fish In a subsequent paper these authors (Saha and Guha, 1940) have presented 
the results of then studies on the food value of 13 different kinds of Bengal fish Niyom et al 
G941) and Appanna and Devadatta (1942) have earned out the anal} sis of fresh fish from 
Bombay coastal waters Mitra and Jfittra (1941) have reported the results of their analysis 
of some nsh consumed in Bihar 
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Tablf 

Food values of the muscle tissue of fish 
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It ■wilPbc seen from the Table tlinf the Milues obtained for the cnltmm content nre 
considervbly lov, er than those gi\ on b^ Saba and Gnlia (1940) for Bengal fisb and are of tbe 
same order as those obtained for fish anahsed in Coonoor Laboratories (Health Bulletin Ho 23) 
and those gi\en bi Nijogi ct al (loc cil ) and Appanna and De\ndatta (loc cil ) for Bombay 
fish It remains to be seen if the age or the loealitj influences the content of calcium The 
figures obtained for protein phosphorus iron and cojijier arc ho\\cver, m agreement uath those 
\alues gi\cn bv other workers m India The cojiper content of ribbon fish and cat fish is 
considerably higher than that of other t^pc3 of fish imestigated 

SuMMAR\ 

The protein and mineral contents of a number of economicall} important food fishes in 
the Xorthcrn Circars ha\ e been determined The protein content ranges from 19 to 23 per 
cent , Ca, 0 OOG to 0 090 per cent , ])hosphoius, 0 150 to 0 350 per cent, iron, OG mg to 
2 5 mg per cent and topper 0 01 mg to 0 24 mg per cent The \ allies indicate that these 
fish constitute a good source of protein jihospliorus and iron 
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VVAILiVBILlTY OF CALCIUM IN LADY’S FINGFiR {HIBISCUS 
ESCULENTUS), CABBAGE {BBASSICA OLEBACEA 
GAPITATA) DRITMSTICK (UOBINGA OLEIFERA) 

AND AT^IARANTH TENDER [AMABANTHUS 
GAHGETICUS) 

Part I 

\ 

WAILVBILITY OF CALCIUM IN VEGET.U3LES DETERMINED BY 
EXPERIMENTS ON GROWING RATS 

BY 

K P B\SU, 

AM) 

D GHOSH 

{From the Biochemical Laboratory Dacca Uvncr'>itif) 

(UcLCisctl for publjcation, Januiirj 27, 1943 1 

Introduction 

In a\crage or tjpical diets a deficiency of calcuiin is more likely to occur than a 
deficieno} of an) other element Tlio usual diet of average people in India and other eastern 
countries consists mainly, if not entirel), of cereals supplemented mth pulses and vegetables 
Cereals and pulses, although nch m phosphorus, are poor sources of calcium In fact metabo- 
lism experiments performcil (Basu, Basak and Do, 1941 , Basil, Basak and Kai Sircar, 1939) 
in tins Laboratory showed that t)TncaI rice diets providing on an average 234 mg of 
calcium and t) 7 )ical w heat diets providing about 300 mg of the clement, per adult daily, 
failed to maintoiii an adult in calcium c'pidibrmm The addition of about 10 oz cow s 
milk to the daily diet brought the c\pcrimental subjects into calcium balance It must 
be mentioned, however, that even this small amount of milk is beyond the means of the 
average Indian 

A known adequate soiuce of calcium would be the vegetables which supplement the 
cereals and pulses in the dietary The problem of finding some vegetables rich m calcium 
which would be well utihzed in the s) stem is a very urgent one The present investigations 
deal with the availability of calcium of some vegetables rich in this element which grow in 
abundance in India 

A number of papers ha\e appeared on the utilization of vegetable calcium during the 
last tw o decades References to earher investigations will be found in the papers by Sherman 
and Hawley (1922), Fmcke and Sherman (1935), Kao, Conner and Sherman (1938) and by 
Fairbanks and Mitchell (1938) A perusal of these papers shows that the evidence regarding 
the avadabihty of vegetable calcium is conflictmg Whether the calcium of a particular 
vegetable can be well utihzed or not by amraals and human beings can be settled only by 
direct experiments 

The present investigations w ere earned out to determine the availabdity of calcium in four 
commonly used vegetables, viz lady’s finger {Hibiscus esatlentiis)~Beng Dhenras, cabbage 
{Brassica Oleracea capilufa)— Beng Bandha kopi, drumstick {3Ionnga OJeifera)~Beng Sajney 
and amaranth tender {AmarantJnis gangetiais)~3cng Lai shak or Dhulla shak Of these 
amaranth has a very high calcium content (about 0 3 per cent on moist basis) The other 
vegetables are fairly good sources of calcium No work has yet appeared m India on the 
avadabihty of calcium from these or other vegetables The object of this mvestigation was 
to find whether mdk could be fully or partly replaced by any of these vegetables so far as the 
supply of calcium was concerned 
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The availability of the calcium of these vegetables was investigated by two different 
methods In the first place young healthy albino rats which had been reared on the usual 
diet of the laboratory were placed on five different diets in which milk and the four vegetables 
were respectively the only sources of calcium In the case of the drumstick diet only, nulli 
supplied 50 per cent of the total calcium At 8 weeks of age the rats were lolled and tbe 
utilization of calcium was determined and compared This method throws light on the 
relative value of the vegetables in promoting calcification in young growing rats and 
probably, therefore, in growing children 

A separate investigation was undertaken to find out how the calcium of these vegetables 
was utilized in maintaimng calcium balance in human beings The metabolism experiments 
were performed on an adult The experimental subject was first given a basal diet containing 
inadequate amounts of calcium The effect of supplementing the basal diet with each of the 
different vegetables was then observed 

Availability of calcium in vegetables deterjiined by experiments 

ON GROWING RATS 

The vegetables were purchased from the local market, thoroughly washed first in tap- 
water and then in distiUed water and dned_in an oven at a temperature of about 70°C to 
avoid charring The dried vegetables were finely ground, the whole lot thoroughly mixed and 
finallj'’ stored m stoppered glass-jars in a refrigerator In the case of amaranth, the leaves and 
tender stems were separately dned and ground and the two lots were thoroughly mixed In 
the case of cabbage two lots were prepared, one containing more of the outer green leaves 
and the other more of the inner greemsh leaves After drying, the two lots were ground and 
thoroughly mixed In the case of lady’s finger and drumstick the entire vegetable was 
used for the experiment Mdk was used in the form of skimmed milk powder and the same 
lot was used throughout the investigation Butter-fat in the form of ghee purchased from 
the local market was separately added 

The powdered vegetables, the skimmed milk powder and also the Ca-free casein used m 
preparing the diets were analysed The results are shown in Table I As the experiment 
could not be conducted on rats with amaranth, the rats refusing to take the diet, no data 
appear for the dry powder of this vegetable in the Table 

Table I 


Analysis of shimmed milk, vegetable and casein 


Gomposilion 

Skimmed 

milk, 

' per cent 

I j 

1 

Ladv’s 
finger, 
per cent 

^ 1 

Cabbagfe, 
per cent 

1 

Drumstick, 
per cent 

i 

Casein, 
per cent 

I 

Cnicium 

1 

1510 , 

1 1 

, 1 165 

1 

1 0 750 

1 

i 

0 395 

t 

Phosphorus 

0 903 

0 683 

1 0 398 

0 461 

0 86 

Protein (N x 0 25) 

0\ahc acid 

Moisture content of fresh 
vegetables 

44 40 

' 10 97 

0 050 

85 640 

1 16 10 

1 0 016 1 
j 02 980 

i 

l 

1 

19 45 

0 042 

76 340 

1 



In fresh condition lady’s finger contamcd 0 112 per cent Ca and 0 0072 per cent 
acid, amaranth 0 328 per cent Ca and 0 10 per cent oxalic acid, cabbage 0 069 per cent » 
and 0 0025 per cent oxalic acid and drumstick 0 097 per cent Ca and 0 0103 per cent oxn m 

acid 


( 30 ) 



M^T^on‘: 


In nl] cnscs cnlcmm ^\ns dcternnned bj the McCnidden (1011-12) inetliod by precipitating 
calcium as oxahtc at pH 4 8 to 1} 2 using metlnl-red ns indicator and titrating the oxalic acid 
with potaBsnim-pcrninngnnntc soliilion Pliospliorns nas determined by titration with 
uranuim acetate according to Pincus (1850) and Mnlot (1887) and nitrogen b}; the usual 
Kjeldnhl method Oxalic acid was determined b\ jirecipitation mth calcium chloride in 
the presence of acetic acid and subsequent titration of the calcium oxalate with potassium- 
permanganate solution as described bj ’\rn7umdnr and Dc (1038) 

Health) )oung rats (albino), 4-weehs old, which had been reared on the stock laboratory 
diet consisting of whole wheat, whole cow’s niilK and \cgctnblcs with a bi-wcekly addition of 
cod-li\er oil and Harmite were placed in individual iron cages with raised bottom and 
maintained on the experimental diets for 4 weeks 

Table n gnes the composition of the experimental diets and the salt mixture The diets 
were so planned that the) contained almost the same percentage of calcium, phosphorus and 
protein The calcium phosphorus ratio was always 1 1 Tlic calcium of the diets was 

derived entirel) from milk or from the \egctablcs under in\ estigation The calcium content of 
drumstick powder was, howe\er, so low that in this case 50 per cent of the calcium was denved 
from skimmed milk and 50 per cent from drumstick as in the experiments of Fincke and Sherman 
{loc cit) on the axailability of \egctable calcium Reliable results regarding availability of 
calcium from a particular source arc obtained b) cinplo)nng a diet the calcium content of 
which IS derived entirel) from the foodstuff under investigation and in this respect the 
diets employed in this im estigation are to be preferred to those employed h) Sherman 
The fibre contents of the diets were not adjusted since it was found by several workers 
that fibre was wathout an)'- influence on calcium retention The diets were presen'ed in 
stoppered glass-jars and stored mar frigcrator 


Table II 
CompositioH of ihc 


Compo'»itinn 


Casein 
Butter fat 
Starch 
Salt mixture 
Skimmed milk powder 
Lady’s finger powder 
Cabbage powder 
Drumstick powder 


Diet 1 

Diet 11 

Diet III 

Diet 1\ 

per cent 

per ctnt 

per cent 

per rent 

124 

17 (10 

Ib 50 

1 

2 40 

10 0 

lOno 

10 00 

10 00 

50 I 

37 S7 

23 15 

28 31 

50 

600 

500 

! 6 00 

22 6 

20 44 

45 35 

' 11 25 




43 04 


Totals 


100 0 


100 0 


100 0 


Calcium 
Phosphorus 
Protein (Nx6 21) 


0 34 
0 32 
22 7 


0 34 
n 32 
23 S 


0 34 
0 32 
20 77 


Vitamins 4, D and B complex were supplied twice a week 
diet?Jrl^^cL'^'‘ n-Iady’s finger, diet in-cabbago 
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Composittov of the salt iimhnr 


Parts 


Sodium chloride 4 40 

Magnesium sulphate 5 45 

Potassium chloride 7 80 

Feme citrate 1 18 


The animals were chosen so that the average initial v eights of the group of rats to be 
compared were approximately the same In all cases littermates of the same sex were 
compared Food and distilled water were supplied to the rats ad hbtfinii and records were 
kept for the food supphed Any food spilled was carefully separated from the faeces a^id 
collected In each case the total amount of food spilled was taken into consideration wMe 
calculatmg the total food intake i Kecords were kept of the groudh of the animals dunng tie 
expenments and are shown m Table III It was observed that, while all the animals 
were apparently m good health, the average groudh rates of rats on the milk diet were 
shghtly higher 

Table III 


II 


III 


IV 


Average g)oivth of rats from age A weels to 8 iieels on different diets 


Diet 


♦ Average deviation of the mean 

Diet I — milk , diet II — lady’s finger , diet III — cabbage , diet IV — driimstioL 


1 

Sex 

1 

Number of | 
rata giving 
average 

Average 
initial body 
weight, 
g 

1 

A\ ernge | 

final (net) 
body weight, 
g 

.V\ crage 
net gain 
in weiglit, 

g ; 

A\ erage 
total food 
intake, 
g 

1 Average 
gain per 
g food, 
g 

(, M 

8 

38 0±1* 

111±7* 

72 ±4* 

200 

0 30 

1 F 

7 

15 0±1 

01±5 

50 ±3 

194 

0 28 


b 

43 0i:3 

1 97±4 

54 ±] 

208 

' 0 26 

1 F 

0 

34 0 ±0 5 

81±1 

46 ±0 5 

204 

0 22 

(I M 

(J 

17 0±I 

04±4 1 

58 ±3 

194 

0 30 

1 ' F 

5 

34 0±2 

!)1±2 1 

57 6±2 

200 

0 28 

\ 

7 

38 0±1 

84±2 1 

4b ±2 

190 

0 23 

1 F 

1 

5 

33 6±0 01 

7S±2 1 

( 

45 ±2 

200 j 

1 ' 

0 22 


At 8 weeks of age the rats were weighed, killed mth chloroform and brushed to remove any 
adhering food particles from the fur The gastro-intestinal tract was dissected and tie 
contents removed The weight of the contents subtiacted from the final live weight gave tie 
net weight which was used as a basis in calculating the percentage of body calcium of -S-w eel 
old rats The alimentary tract was discarded as the calcium in the walls of the intestmal tract 
was negligible The animals were ashed in sihca basin first over a low flame and finally m an 
electric muffle furnace at dull red-heat The ashes were dissolved in (1 4) hydrochloric acio, 
filtered and diluted to 500 c c m volumetric flasks^ Aliquots of the solution yvere analysed for 
calcium by the method already stated 


The results are summarized in Table IV The bodies of male rats on the nulk diet (diet I), 
lady’s finger diet (diet 11), cabbage diet (diet III) and drumstick diet (diet IV) containcn 
respectively 0 75 ± 0 002, 0 79 ± 0 006, 0 81 ± 0 002 and 0 83 ± 0 002 per cent of calcnim 
The values for females were respectively 0 83 ± 0 004, 0 86 ± 0 003, 0 84 ± 0 002 an 
0 86 x 0 003 It wall be noticed that rats on the milk diet had the lowest percentage o 
body calcium and those on the drumstick diet the highest Tins is to be expected since 1 
rats on the milk diet grew at the most rapid rate and those on the drumstick diet most slow ) 
as is endent from Table III The mtermediate values for the percentage of body calcium o 
rats on lady’s finger and cabbage diet was also m confornuty with their growdh rates 
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Table TV’’ 


Oalcnnn conlrnl nf S mel old rat<t fed on diets containing llic same amount of 
calcium from milL br 'I'cgelahles 


Dat 

Stv 

Number of 
mt-i gi\ mg 
average 

1 

\\i mgL not 
IKHI 3 veiglit, 

e 

1 

AveroTO Ca 
intake, j 

e 

Average total 
body oalomm, 

1 

Average per 
cent Dodj 
ealoium 

T 5 ' 

M 

S 1 

111 ± 7* 

0 070 ± 0 037* 

0 820 d: 0 040* 

0 76 d: 0 002* 


I 

7 ' 

91 ± r, 

0 053 ± 0 034 

0 700 d: 0 048 

0 83 d: 0 004 


i 

M 

fi 

97 ± 4 

0 700 dr 0 013 

0 709 d: 0 029 

1 0 79 d: 0 000 

” i 

I 

fi 

81 ± 1 

0 093 d; 0 004 

0 089 d: 0 007 

0 80 d: 0 003 

Trr 5 

•\i 

0 

04 ± 4 

0 053 d: 0-024 

0 761 d: 0 034 

1 0 81 d: 0 002 

in ] 

F 

r, 

91 ± 2 1 

0 093 d: 0 019 

0 770 d: 0 026 

0 84 d: 0 002 

f 


7 

84 ± ’ ' 

0 070 d: 0 022 ' 

0 004 d: 0 031 , 

0 83 d: 0 002 


1 1 

1 


78 ± 2 

0 031 d: 0 024 ^ 

0 073 d: 0-010 

0 80 d: 0-003 


* Average deviation of the mean 

Diet I — milk, diet IT — lad3’a finger, diet III — onbbago , diet — dnimatick. 


To obtam the storage of calcium it was necessary to know the imtial calcium content of 
the body of the ammals just before the beginning of the experiment This was obtemed by 
detemumng the percentage of body calcium at 28 days of age of httermates of the ammals 
reared to 8 weeks on the expenmental diets The method adopted to determme the total body 
calcium of these ammals were exactly the same as desonbed previously for the expenmental 
inmials The results ate given m Table V It will be observed that the percentage body 
calcium of 4-week old rafs of the same htter was practically unaffected by the sex difference , 
But the value sbghtly differed from htter to htter This fact was taken mto account while 
calculatmg the imtial body calcium of the expenmental animals The fact that sex difference 
was without any efiect on the percentage of body calcium of 4-week old rats, was m close 
agreement vith fhe results obtamed by Kao, Conner and Sherman {loc cit) who obtamed 
0 74 ± 0 008 per cent of body calcium for male rats at 28 days and 0 74 ± 0 004 per cent for 
female rats of the same age The i alues obtained m the same laboratory by Sherman and 
McLeod (1925) and by Sherman and Booher (1931) on comparable animals were 0 67 per cent 
for males and 0 74 per cent for females The values obtamed by us give an average value of 
0 GO ± 0 003 per cent for both sexes This value is somewhat low m companson with the 
\ alues obtamed m Sherman’s laboratory 


0 


Table V 

Calcium content of i-weel. old rats of different litters on the 
stoch laboratory diet 


Litter 

number 

Sex 

e 

Body weight, 
g 

Total body 
oalomm, g 

c 

Per cent body 
oaloinm 

1 

M , 

46-0 

0 2864 

0 63 

2 


37 6 

0 2264 

0 60 

3 

M 

360 

0 1996 

0 67 



38 6 

0 2333 

0 61 

6 

M 1 

38 6 

0 2322 

0 60 

7 

M, 

37 6 

0 2220 

0 69 

8 


38 0 

0 2290 

0 60 

9 

M 

37 6 

0 2262 

0 60 

2 


346 

0 2099 

0 61 

5 

p 

426 

0 2720 

-064 

8 

I* 

33 5 

0-2023 

0-60 


J, MR 
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For an exact basis of comparison a ‘ calcium utilization factor ’ was calculated for each of 
the diets This was obtamed by dividing the calcium retention by the intake The average 
calcium utilization factors for each of the diets are given in Table VI The values for males 
were 0 87 ± 0 005 for the milk diet, 0 82 ± 0 004 for the cabbage diet, 0 71 ± 0 003 for the 
lady’s finger diet, and 0 70 ± 0 002 for the drumstick diet The values for females were respect- 
ively 0 84 ± 0 008, 0 81 ± 0 004, 0 70 ± 0 004 and 0 69 ± 0 002 "With milk diets having 
the same percentage of calcium Fincke and Sherman {loc c%i ) obtained the utilization factors 
of 0 86 for males and 0 77 for females and Kao, Conner and Sherman (Zoc cit ) obtamed the 
value 0 88 for both males and females 


Table VI 


Utilization factor of calcium in mill and the various 
vegetables 



j 

i 

Number of 

Average utibra 

Diet 

Sex 

I rata civinc 

tion factor for 



^ average 

calcium 

1 

- I| 

JI 

8 

0 87 i 0 005* 

F 

7 ! 

0 84 ± 0 008 

u 1 

M 

6 

0 71 ± 0 003 


0 

0 70 ± 0 004 

m 

1 

M 

1 

G 

0 82 ± 0 004 

F \ 

5 

0 81 ± 0 004 

1 

BI 

7 

0 70 ± 0 002 

F 

6 

0 60 ± 0 002 


* Average deviation of the mean 

Diet I — milk , diet n — lady’s finger , diet HI — cabbage , 
diet W — drumstick 


From the results m Table VI it is quite evident that sex difference did not appreciably 
mfluence the utilization of calcium of rmik and m the case of the vegetables the influence was 
almost ml The difference of the utilization factor of calcium of lady’s finger from that of milk 
IS 0 16 for males and 0 14 for females For drumstick these values are 0 17 for males and 0 16 
for females These differences are qmte significant It therefore appears that the calcium of 
lady’s finger and drumstick are not qmte as well utilized as that of imlk Nevertheless, the two 
vegetables senm as a fauly good and available source of calcium, the availability of the calcium 
in 'these two vegetables being nearly four-fifths of that of the calcium in nnlk 

In the case of cabbage the differences of the calcium utilization factors from those of vulk 
are 0 05 for males and 0 03 for females These figures are not so significant and it appefus 
that the calcium of cabbage is probably almost as well utihzed as that of mflk The low oxahe 
acid content of these vegetables is probably associated with the food utilization of the calcium 
which they contam 

Tender amaranth contams a remarkably high amoimt of calcium (about 0 3 per cent on 
moist basis) But, m spite of the best efforts, mvestigations with this particular vegetable 
were impossible since, most surprismgly m the case of so ommvorous a species, the rats refused 
to take the diet contaimng this vegetable The small amount of food taken by a few did not 
produce any increase m weight, the rats became very pale and feeble, and actually m some 
cases a decrease m weight was observed The utilization of calcium from this vegetable was 
studied on the human subject and the results are mcorporated in Part II of this paper (Basu 
and Ghosh, 1943) 
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SuMMAR-i 

Health) }oung rats, 4-\\cokol{l ere placed on four diets in one of which nil the calcium 
wns supplied cntirel} b^ skiiniiied milk In the ease of h\o other diets the milk was entirely 
replaced by enough finch ground dried cabbigc or lad) s finger to proAude the same amount 
of calcium and m the fourth, half of the skimmed milk ^\ns replaced by enough ground dned 
drumstick to proindc the same amount of calcium as in the milk diet At 8 weeks of age the 
animals were killed and their bodies aiialjscd for cnlaum 

Conipanson of the a%nilabihtj of calcium m these \cgctablcs isith that of milk yas 
made b) calculating for each an utihzntion factor \\ Inch is the ratio of calcium retention to 
intake The lalucs for males were 0 87 for nulk diet, 0 71 for lady’s finger, 0 82 for cabbage 
and 0 70 for drumstick diet The \alucs for females were respectively 0 84, 0 70, 0 81 and 0 69 
Sey difference ivas, therefore, pmcticall) without an}' appreciable effect on the utilization The 
calcium of cabbage y ns almost ns well utilized ns that of milk The calcium from the other 
tyo yegctablcs, narael) ladj s finger and drumstick, was also fairly available The rats 
refused to take the amaranth diet 
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AVAILABILITY OB CiVLCIXBI IN LADY’S FINGER {HIBISCUS 
ESOULENTUS), CABBAGE {BRASSICA OLERACEA 
CAPITATA), DRIBISTICK {MORINGA OLEIFERA) 

AND AMARANTH TENDER [AMARANTHUS 
GANGETIGVS) 

Part II. 

AVAILABILITY OF CALCIIBI IN ATEGETABLES DETEEMINED BY META- 
BOLIS:\r EXPERBtENTS ON A HIIj\LAN ADULT 

BY 

K P BASU, 

AND 

D, GHOSH 

(From lltc Btodicimcal Laboralori/, Dacca Dnivcrsity ) 

(Received for publication, January 27, 1943 ] 

The conclusions armed at from the evpenments inth young mts desenbed in Parti 
of this papej (Basu and Ghosh, 1943) vail very probably apply to young growing children 
Nevertheless, metabohsm experiments on human beings denving the major portion of their 
calcium from the vegetable under mvestigation will directly mdicate the value of the vegetable 
m mamtammg calcium balance m adults The results obtained with adults are very likely to 
be generally apphcable to children as well 

Expemmbntal 

The experiments were conducted on a healthy young man (G C N , 20 years) weighmg 
49 kilo In each of the expenments, to avoid any effect of the previous diet, the subject was 
given a basal diet of adequate energy content but deficient m calcium for a prelniunary period 
of three days m which no collection of urme and fteces was made Durmg the subsequent three- 
day penods the subject consumed the basal diet, then the basal diet supplemented by one of 
the vegetables — AmaranlJms gangelicits. Hibiscus esculenlus (lady’s finger), Brassica Oleracea 
capitata (cabbage) and Monnga Oleifera (drumstick) — or milk for one or two penods as the 
case was The basal diets used represented typical Indian diets one (1) a nce-fish diet contam- 
mg 600 mg nee, 60 mg dhal, 200 mg ordmary vegetables, 70 mg fish and 30 mg mustard oil 
and the other (2) a vegetanan diet containmg 600 mg nee, 70 mg dhal, 216 mg ordinary 
vegetables and 30 mg ghee (butter-fat) The nee consumed by the subject throughout each 
expenment was supplied from the same stock The vegetables were secured fresh each day 
and ahquots were dried and powdered for analysis The amount of calcium m the water used 
for cooking and dnnking was also taken mto consideration The phosphorus content of water 
was neghgible Weighed amounts of food were cooked every day and consumed by the subject 
lit toto m two portions In the case of drumstick the refuse from mastication was carefully 
collected, dned and analysed On the average, it was found that 6 mg of calcium were lost in 
that manner This was subtracted from the total mtake through this vegetable In the 
case of cabbage, the green outer leaves and the inner greenish leaves were thoroughly mixed 
m almost equal proportions before cookmg 

The subject was m good health and eidubited httle change m weight durmg the 
experimental period ° 

Techmque and analytical methods were similar to those used m previous mvestigations 
from this Laboratory (Basu, Basak and Eai Sircar, 1939) 
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Discussion of results 


The metabohsm data are summarized in the Table Each period included three 
consecutive days and only the mean of the daily analytical figures for each penod is presented 
The chronological order of the experimental periods is denoted by arithmetical numbers 
after the letter P The average retention in per cent of calcium from a vegetable or milk 
supplement is indicated in the last column The data in the Table indicate that the calcium 
of the vegetables, lady’s finger, cabbage and drumstick, is probably more or less equally 
utdized to mamtain calcium equilibrium in adults although the percentage utilization is 
much lower than that of milk calcium Amaranth, in spite of its high oxalate- content, 
appears to be a fairly good and available source of calcium 


Table 

Metabohsm data shoumig the vhhzation of vegetable ao^d mill calcium by G C N 


The figures represent average daily intake and output in mg 




Intake 


CALOlUil OUTPUT 


Average 










retention 

Diet 

Period 

Ca 

i 1 

P ■ 

1 

Ca/P 

value 

Unni- 

Ffeces 

Total 

Calcium 

balance 

of calcium 
from the 
supple 
ment in 




1 



1 



per cent 

Basal rice fish diet 

p. 

320 

i 

1237 

1/3 8 

10 

1 

228 

238 

-1- 82 


Basal diet + 200 g 

p. 

976 

1359 

1/14 

14 6 

060 3 

004 9 

-f311 1 


Basal diet + 200 g 

p. 

976 

1369 

1/14 

16 

640 0 

666 0 

-f421 


amaranth 

i 

A\ erage Pa ' 

1 976 

1369 

14 8 

696 3 

010 1 

43 2 

1/1 4 1 

-f366 9 


and Pa 







Basal vegetarian diet 

P. 

^ 203 

1106 

1/6 4 

29 3 

248 4 

277 7 

- 74 7 


Basal diet + 200 g 

P. 

442 

1207 

1/2 9 

32 

399 0 

431 6 

+ 10 4 


lady’s finger 







Basal diet + 200 g 

P. 

442 

1207 

1/2 9 

32 3 

432 

404 6 

- 22 0 


lady’s finger 


1 




28 8 


Average Pj 

442 

1267 

1/2 9 

32 1 

416 8 

447 9 

- 69 


and Pa 



1 

1 





Basal vegetarian diet 

Pi 

163 7 

1066 

1/0 6 

18 0 

160 9 

169 6 

- 68 


Basal diet + 200 g 
cabbage 

Basal diet + 200 g 
cabbage 

P. 

341 

1149 

1/3 4 

26 

247 7 

273 7 

+ 67 3 


P. 

341 

1149 

1/3 4 

30 * 

302 

338 ' 

+ 30 

1 

231 


Average P, 

341 

1149 

1/3 4 

1 

31 

274 9 

306 9 

+ 36 1 


and P, 




1 




Basal vegetarian diet 

Pi 

196 6 

1 1106 

1/5 0 , 

29 

234 

263 

- 66 6 


Basal diet + 200 g 
drumstick 

P. 

386 3 

1 1330 

1/3 6 

39 

364 3 

403 3 

- 18 0 


Basal diet + 200 g 

P= 

386 3 

j 1330 

1/3 6 ! 

44 

368 

412 

- 26 7 


drumstick 





23 4 


Average P, 

386 3 

1 1330 

1/3 6 

41 6 

360 2 

407 7 

- 22 4 


and Pa 


1 

1 





- 

Basal vegetanan diet ! 

Pi 

1 

199 6 

' 1105 

1'5 6 

28 3 

269 1 

297 4 

- 97 9 


Basal diet + 10 oz milk 

Pa 

664 5 

i 1416 

1/2 6 

47 

490 

643 

+ 216 

50 1 

Basal rice-fish diet 

Pi 

310 

1237 

1/4 

7 

231 

238 

+ 72 

Basal diet + 10 oz milk 

P, 

676 

I 1547 

1/2 3 

10 

341 

367 

+ 318 
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This m\ estigation shov.s that wntli tlic \cgctirmn ncc-pulsc diet a supplement of about 
200 g to 300 g (about ^ seer) of either cabbage or ladj ’s finger or drumstick brings an 
adult from negati\ e to positn e cnlcimii balance i\maranth is a vers rich source of calcium 
and a supplement of about 100 g of this \ cgctablc would suffice The same purpose would 
also be seia cd b} about 10 oz (0 chhataks) of milk The non-vegetarian diet containing nee 
and fish contains about 120 mg more calcium than the \cgetarian diet and therefore requires 
supplementing with less amounts of \egetablc or milk 

SmniABT 

Calcium metabolism experiments were conducted on a healthy adult to find whether 
the calcium in lady’s finger, cabbage, drumstick and amaranth (leaves and tender stems) 
could be utilized to maintain the calcium equilibrium in human adults These vegetables ncre 
given as supplement to two tjqies of basal diets representing the tjqncal Indian diets — one 
contaimng rice and fish and the other purely vegetarian i\Jl the vegetables had a, favourable 
effect on calcium balance and brought the Ca P ratio to more favourable values Amaranth, 
m spite of its high oxalate content, soned as a fairly good available source of calcium 
Companson with milk showed that except m the case of amaranth the utilization of calcium 
m the vegetables was much lower than that of the calcium m milk 
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THE DETERIMINATION BY CHEMICAL i^IETHODS OF THE FOOD 
VALUES OF YET ANOTHER BATCH OF EDIBLES 

BY 

K mTRA, 

AND 

H 0 MTTRA 

{From the Nvtntioti Scheme, Pitbhc Health Laboratories, Patna ) 

[Received for pnbbcallon, September 28, 1942] 

IlTTBODUOnON 

I^ spite of a good deal of n ork Licli lias been carried out in different laboratories in 
India tbe estimation of the food ^ nines of all tbe local edibles has by no means been completed 
Smee the last of the senes of communications on the subject published from this Laboratory 
(Vitra and Jlittra, 1942) gi^ung the food aalue of 80 edibles, no other paper on the subject 
has been pubhshed in India 

Experimental 

In the present im estigation 50 different edibles consistmg of 2 kinds of gram foods, 
14 of flesh foods, 9 of fnuts, 10 of leaf} a egetables, 9 of root vegetables and 6 of other vegetables 
haae been analysed bj chemical methods on the lines detailed in a preMous commumcation 
(Ultra, 1938) from this Laboratory The results are shown in the appended Table 

Discussion 

Of the three lands of prawns and lobsters analysed, hariiam gorla (pravm) and crab 
seem to be very rich m calcium In this connection it may be noted that the samples of 
karuana gorla analysed contamed a certam amount of the chitmous jacket, and m the case 
of crab every effort was made to remove completely the calcareous shell though small bits 
mav have remamed In the case of both these flesh foods the dressmg of the meat was done 
to the extent practised m Indian homes The meat of the crocodile v as found to be consumed 
by the low-class nverme population The calcium content of the different leafy vegetables 
was found to %ary between 631 mg /lOO g m the case of pariiar sag and 119 mg /lOO g in 
the case of aJu sag The tubers analysed grow wild m the table land of Chotanagpur and 
were mostly found to be consumed by poorer class of people whenever the family stock of 
grains fell short ‘ Other vegetables with the sohtary exception of mougn, were not found 
to be popular with the people of the upper social classes 

Acknowledgment 

The authors are obhged to Dr Bami Prasad, o B E , Director, Zoological Simmy of India, 
Calcutta, and Dr S K Mukherjee, Curator of the Herbarium, Royal Botanic Garden, Calcutta^ 
for kindly fumishmg the correct Latm names, and to Eai Bahadur Dr B P Mozoomdar] 
Director! of Pubhc Health, Bihar, for his mterest in the work and encouragement 


KEPERENCES 


JIttea, K (1938) 

Mmu, K , and JIittha, H C (1942) 


Jour Ind Chtm Soc , 15, p 623 
Ind Jour Med Set, 30, p 299 


( 41 ) 



Table 

Food mines of edible portiom in grammes per cent 


9 ‘oiqg 9pnj3 


9 ‘siuoqdsoq j 


O O 

O O 

r-( ri CO 

O O O O O 




LO CO iO 
O CO X 
^<^10 

'^1 

« 

o 

O CO CO lo 

»0 CO O O C5 

O O '-H 


»0 CO >o 


O X U5 

c 

f-H r-i r^l O 

^ r-< Cl 

O O ^ 

oo 


O O O O O 


9 ‘camotBQ 


CO 00 CO O O*' 
CO o o ^ 
o o o o o 
o o o o o 


CO ^ CO 
0 0^0 
o o i> >o 


O ^ to 
^ o o o ^ 
o o o o o 
o o o o o 


9 ^TijauTj^r 


1-^ o O <— t 
Cl CO o CO 


^0^0 
C5 ^ 

O f-J Cl '^l 


^1 C5 O CO 
I— t Cl C5 O CO 

I-H i-H O O ^ 


9 ‘s^^'DJpi^qoqaTl3 


CO O lO 
CO C3 ^ lO 


CO O C5 

CO ^ Cl ^ 
Cl ^ •f 


9 *9Ai^0Tij')X9 Jaq^a; 


9 


9 ‘9jn'^ST0jq 


X Cl 

Ci t^ 

O Cl O Cl o 

.-H «^1 

CO X to o 
X JO O X 

d lo Cl O 

X o JO d X 

^ C5 X 
CO O CO 

xo 

OC5 

o o 

f—f ^ Cl o o 

Cl O Cl t^ 

rH 

o JO O Cl O 

0^0 

oo 

JO o 

Cl to 

CO to o ^ »o 

X O ^ X 
O O lo o 

-+l CO Cl 

Cl X t> -t 

X X LO 
O X 

oo 

Clt- 

“a; 

GO ^ »0 CO o 
f— » d Cl f-l <M 

TJ^ ^ rH 

^ d »-H rH 

JO CO O JO o 
^ fvi ^ p-( r^l 

o d X 


o r- 

C5 

o CO '-H ^ CO 
O CO Cl Tji 

O X -i< 
Cl X lO 

X'O Cl CO 

n JO ^ Cl 

O t> CO 
d C5 JO 

X H 
X IC 

a to 

o »o o o 

l> X l> 

.— 1 lo CO 1-4 
CO O t-* CO 

f-H -^4 O t- C» 

X CO X 

f-h JO 

X •-< X 

»H cl 
XX 


a d 

g ^ 

'5 O 

§ g'^ 

§ O 2 
£“-.0 


B -S’ 

C V 

u 

£> 


s ^ 

> 



h. 

cs 

s 

Q 

g 

2 e 


5 

o 

o 

i> 


e ^ a « ? “ S 

!*a<2'5S’ s£5 

^”J-5 S 8-2 


” J - 5 
2 E 2 

s s s 3~ 
'o ,s — ^ 3 
2 « e 


2 "3 

S e s B 

J I ^-S 


e6 fe 

{S W 3 IS 

K a, 2 3 S •' 

■Sill f Is 

^ e B 3 '■'3 B 

EtJ-TjOnDH 


Cvl & 

’ 2 8 S 
8 » S 

2- -I 

3 B ^ 

qtcjQ^ 


'^S S 

2® 3 

ll 2 

g 

2 g ft 

sis 

^ a,3 

l-Sl 

►B i. 


e3 ce ■§ 
fl a> d ^ © 

*9 ° o 

3 S o 0 0)08 
- ■P'SS^ip'O 
jjl o o g g g s 

hEhHS h>pmo 


C2 O OQ 

« o 

-9 a 
s g 
a 


a 

8 

^ ~ "g"' 
S oS 

to£„ 

B "t; ts 

.8 '3 c! 

-O C J3- 


C ~to 

c3 B ^ 

J3 4i! B 
^ C 
B O B B 

•s g 

o B B O 

oaaa 


B 

^ c3 ^ 

cs ^ in ^ O 

^ rttdS ^ 


B 5-g5 g, 

3 5 B -3 s 

Wc^JcocoH 


jaqnma puog 


CO -t o o i> 


Cl CO »o o 


9:22 


( 42 ) 



-r Cl o 
C" — Cl o 


— c*' — O 

c ^ 1:5 r - r ' Cl o u-i 


f cr» « ;S5 f^l r*i r-l c^ ^ 
^ Cl 00 ^ 0 '-^ — ^ 


LO 00 CC h- 10 


Cl 


o p— I <“1 O 


— CP IT 

d 2 2; 

o c o ci 
0000 


u-' -— Cl c; 10 ^ r*. o CO t-' 

o^oco — occo 
oooooooccc 


e*^o<*ir»-+-fc>h- 
r* Cl o o ^1 CO ^ 
0000000 Cl 
00000000 


^ -4 CO C* Cl -f 
CO Cl p-^ CO Cl Cl 

000000 

000000 


« o o 
i^i r- o o 
0000 
0000 


0 '+ 0 '^ i 0 -*'*-< — crcr 
--or“—'-»r-c^**'CO*“ 
^ •-H 15 >^1 C' Cl 


oocooooo^o 


•rr-o*^-^cioot^ 
O Cl 0000000 
000000000 


•f Cl o CO ^ 
o ec r 3 p — • IT ' 

o O O o O 
00000 


CO 

o 

o 


^ CO o v-^ Cl \c Cl '' 

croor ^ oecooi ' 


1 ^ t’- 




t-H cc Cl Cl *“1 «^l c- ''I C- Cl 




-^000 — 0 


g ^j lO <*1 

o r- o 

LCOC^*- 

-H P-l — < 


COOOOOClC ^^ t ' t ' — CC 

— coor**ao 
e ^ oicoicoict ^ i ;:^ 


ocoor ^ eciico ^'^ 
— « r ^ oo - rcptcr--c 

-'l ''l ^ 


o 

cc 

-f 


o b- r- '^i 
« o o o 


or - oio « i * h - e ^ — t ^ 

oooe^oco — 
OOOOOC — p-^tco 


p-l o • 
000000000 


CO C 5 O Cl 10 ic 

r- ^ ^ «*i 

CO o o o o 


*t 10 Cl 
I- -H 0 -*« 
C* -Nl P-N Cl 


ff^e-‘-t-ocioo^ico 
^i o o Cl r - - r — o ^ 
•*<*^r*rtci**‘oicc--^ 


crr ^ coLO - ttco^'^i 


O ri 1 -^ 


»CJ 10 CO o 
00 c 5 o 

O -f — ^ 

r' CO 


(- o 

Mjz ; 

.^1 


z 

kJ ^ 

^ o 


e S« 

I c 2 a 


file 

6 ^ 


i; c 
5 i 5 


S §|| I 


2! » 5 « 5 
S Q § ?-5 


CQ 


•C *- U 

o <0 c a 


^•3 I g 
c 5 c 5, ' 

SlSci 
« s 2 = 5 ^ 
§*2 
C3 C o ^ S 


n ^ 

t « 
c > 


c 

w ** C 
w a 

yi' 


“2 C5 

5i»s 

•5 5 Sc 
2-5 c 
8 C 
= u 8 " 

>2 g 2 f 

=^ a . C 5 S ; 


5 t s 

-© C 5 "© 
V © a 
oa-cw 

c--5t-u 

3 - 2 a c 

2 5 5 

tt e - e o 

W> «-'■>• W 

w u ir ■<• ^ 

® ® O Si- ft, 
V a 2 I< 

HIM 


O Q ^ O -t '^l 
O O CO o o 


•gst 


^5 


c 

s 2 § 

=§1 
.c § 




J5 


-2 -2 

C e; 




a 

pC 

o 


-S 
a S 

P 

-"S 

o .2 

3-H 

II 


g'a'S c 

H 

S 

P-iPhcqH 

t> 


5?5^S 


to 

a 

CO 


O O 
O O 
M -a 
PiCft 


Cft 

3 


toJ3 tftd e to 
g S g-^-^ § g>«a) 
SP - •“ * 'i s I- ” “ g 
S-S e e^-s g a " ^ 
= |Bg§i||' 2 i 
<; uWWW : z ;( 5 ( 5 m [8 


ge 

g ^ 

I 


ftUMcIcicccocccccco 


§•§ a. Cj §) tf'i §> 

“ g i i ” i 

c 535 rt “' tJ'C 
o B S r- 3 S 
” o 3 rt ^ 


Ol ^ COOOp ^ Clf '^*** 

COCCCOCC '^'» f - t '«^-5 


( 43 ) 


3 .S 


s 

o 


p C .3 B -S to 

^•s 2 &^e = 


Ift O r - 00 C 5 Op 



DETERMINATION OF, THE BIOLOGICAL VALUE OF PROTEINS 
FROM RED ANTS {(ECOPHYLLA SMARAGDINA) BY 
THE BALANCE-SHEET jMElTTOD 


BY 

K mTRA, 
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H C MITTRA 

[From the Nvtntwn Scheme, Pubhc Health Laboratories, Patna ) 

[Received for publication, September 2S, 1942 ] 

Introduction 

Some time ngo it ivns suggested to the senior autlior (K M ) by one of the eminent 
nutrition Moikers in India that it noiild be interesting to find out how far the proteins from 
young red ants [(Ecophylla smaragdina), which are consumed by certain groups of population 
m Bihar (Slitra and Mittra, 1942), were a^allable to the human orgamsm A visitor to 
any of the hatins (village markets) in the district of Singhbhum can see for himself 
that these ants wnth their eggs sell like hot cakes though the pnee is comparatively dear 
Hail (as these ants are knowm) is often eaten raw and is considered to be a dehcacy, 
particularly by the Ho and local Oriya children 

Experimental 

Hau was purchased from the hatias m Kolhan area (Singhbhum distnct) and ilas 
thoroughly dned m the sun after all the extraneous matter had been carefully picked out 
The dned matenal w as then ground mto pow der of imiform consistency, stocked m a stoppered 
glass-phial and presen ed m the refrigerator for use On analysis by chemical methods 100 g 
of the dried powder was found to contain moisture, 4 06 g , nitrogen, 8 74 g , ether 
extractives, 15 23 g , nuneral matter, 4 42 g , and carbohydrate (by difierence), 21 66 g 


Table 

The average tntale and output of nitrogen per rat per day tn g 


NITROGEN FREE DIET 

1 

EXPERIMENTAL OR TEST DIET 

I 

i 


Dry food ! 
mtake. 

NITEOQE^ 

G 

EXCBETED 

1 

Dry food 

I mtake. 

Total 

mtrogen 

mtake, 

g 

NiTBOQE2T excbeted, 
G 

Relative 

djgestibflity 

ooefflcient 

Relative 

biological 

value 

1 ^ 

Feeces j 

j Unne 

i * 

1 Pteces 1 

Dime 




10 par cant levd 


1 

2 

3 

4 
9 

10 



IT S 


Mlijg M 










0 0300 
0-0348 
0 0255 
0 0389 
0 0316 
0 0357 


98 
12 2 
10 4 
95 
95 
93 


01724 
0 2298 
0 1802 
01913 
0 1666 
0 1605 


0 094 
0 1148 
0 0826 
0 0881 
0 0973 
0-0903 


0 0836 
0 1067 
0-0660 
0 0896 
0 0797 
0 0762 


63 8 
648 
73 0 
69-0 
58 0 
611 


67 2 
61 8 
70 2 
61-6 
602 

68 7 



Table — eoncld 


Uj I 

OP 

’ NITROGEN FREE DIET 1 EXPERBIENTAL OR TEST DIET 

1 



rO 1 

s 

s 

s 

1 

' Nithooen excreted. 

Dry food ' Q X)ry food 

intake, I nitako. 

Total 

nitrogen 

intake, 

s 

Nitrogen excreted, 

1 ^ 

Rolatno 

digestibility 

coofScient 

Relative 

biological 

value 

■id 

^ i 

g 

1 Faiccs 

<T ^ 

1 ® 1 
Urine ^ 

F-ccos 

Urine 

1 

1 


16 per cent level 
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The biological value at 10 and 15 per cent levels of intake was determined on laboratory- 
bred adult white rats according to the methods detailed in a previous commumcation (Mitra 
and Mittra, 1942a) The mtrogen-free diet could not be made absolutely mtrogen free as tlie 
starch used was found to contain 0 05 per cent of mtrogen, and 1 2 mg mtrogen daily was 
consumed by each rat through Marmite solution, a rich source of the vita min B complex The 
test diets at 10 and 15 per cent levels consisted of — 



10 per cent 

15 per cent 



g 

g 


Powdered hau 

111 6 

167 3 

(Approximate 

Starch 

257 0 

245 0 

calorific value 

Sugar cubes 

54 0 

54 0 

2,500 ) 

Coco-nut oil 

771 

55 2 

Calcium carbonate 

60 

60 


McCollum’s salt mixture 

24 0 

24 0 



In addition to the above each animal on the mtrogen-free and test diets received three 
drops of cod-liver od and 2 c c of a 1 per cent solution of Marmite daily to guard against 
known vitamin deficiencies 


Results 


No appreciable difference could be foimd between the digestibility coefficient figures at 
10 and 15 per cent levels of intake The difference noticed in biological value is more 


10 per cent 
level 


15 per cent 
level 


jMean relative digestibility coefficient 65 0 > 64 9 

Mean biological value 58 3 55 6 


apparent than real On analysing the data statistically ‘ t was found to be equal to 0 7444 
find accordmg to Fisher’s table (Fisher, 1934) (with 10 degrees of freedom) P was found to lie 
between 0 5 and 0 4 , consequently the difference could not be jnovcdto be significant It may 
thus be safely presumed that the increase m biological value noticed at the 10 per cent level 
(as compared to that of 15 per cent) could have occurred by chance alone 


Summary 

The digestibility coefficients and biological values of proteins from red. ants {CEcojphy^^f^ 
smaragdina) have been studied at 10 and 15 per cent levels of intake No appreciable difference 
could be found in the average figures obtained at the tw o levels of protein mtake 
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This clinical in\ cstigation Ins been earned out to determine the role of Mtarmn A 
deficiency in relation to prci cntable bbndness and ej e diseases in Bengal 

Disorders of tbe eye due to defective nutrition have been known for a long time but the 
nature of the deficiency has been only recentl)’' recogmzed The treatment of mghtbhndness 
by ox bver is recorded in an Egyptian papyrus (Eber’s) of about 1500 B C Hippocrates 
recommended ‘ raw ox li\ er dipped in honey once or tunce or as much as is able ’ Ancient 
Hindus recommended sheep’s or goat’s liter In Chma and Japan extracts of hens bver in 
honey and h\ ers of sheep and hens were much used in the old days 

Lmngstone (1857) (quoted by McCollum and Simmonds, 1925) described an affection of 
the eyes of some men of his party carrjung dut exploration in Afnca whose diet consisted for a 
long time of sugarless coffee, mamoc roots, gluten and starch The following are quoted by 
Blegvad (1924) Baizeau (1861), a French Army Surgeon, gave cod-bver od to soldiers suffering 
from epidemic brnmeralopia with good results Bitot (1863) described 29 cases of 
xerosis conjunctitM, with haemeralopia in older children, in a foundling hospital in Bordeaux 
Gama Lobo (1865) described diseases of the eyes amongst poorly nourished slaves on coffee 
plantations m Brazil Blessig (1866) obsened many cases of xerosis conjunctiva and kerato- 
malacia amongst Russian workers during the lenten fast and was of the opuuon that 
derangements of nutation were the cause Thalberg (1883) observed keratomalacia m nurse- 
bngs whose mothers hved under very bad nutritional conditions on account of the Russian 
lenten fast Baer (1901) cured a case of keratomalacia m a child nourished on oatmeal gruel 
with cow s milk and lime water Hamburger (1902) cured a similar case with nurse’s milk Mon 
(1904) (quoted by McCollum and Sunmonds, 1925) obseri'ed 1,400 cases of xerophthalmia m 
Japanese children between 2 and 5 years of age durmg a period of partial farmne They 
de\ eloped xerosis and keratomalacia, a syndrome known as ‘ hikan ’ m Japan It ocOurred 
amongst people whose diet was largely of vegetable ongin and ‘ hikan ’ uas rarely observed 
amongst fishermen on the coast, where good fish was available Admimstration of cod-bver oil 
gave prompt rehef Chicken’s bver and eel fat were also found to be effective as remedies 
Mon attabuted the ocular lesions to madequacy of fat m the diet Schiale (1907) (quoted by 
Blegvad, foe cit ) observed that suckbng children could be cured without any treatment if the 
mothers were given cod-bver od 

Bloch (1919) desenbed 50 cases of severe malnutntion with xerophthalmia in chddren in 
the wcimty of Copenhagen. Their diets consisted of separated skimmed mdk, practically 
free from fat, pasteurized and cooked agam at home, oatmeal gruel and barley soup Bloch 
concluded that these conditions were due to lack of fat m the diet, smee the eye conditions 
could be rebeved by the admimstration of cod-bver od, whole milk or cream mixtures The 
same worker performed a human expenment correspondmg to feeding expenments m animals 
j, ME ( 49 ) 4 



He divided 32 children of ages between 1 and 4 into 2 batches Thp diets were the same 
except at breakfast That of batch 1 contained no nnJk or any other animal or vegetable fat 
To batch 2, some whole milk and some vegetable fat were supphed Within 2 months, 8 cases 
of xerosis developed m batch 1, which was cured by adding cod-liver oil to the diet ZaL 
(1917), Hift (1918) and Mesiner (1919) (all quoted in the Keport of the Mecbcal Researcli 
Council, 1932) and all Austrian doctors and prisoners of war in Kussia during the last var 
found mgbtblmdness very common amongst Russian peasants during the religious fast before 
Easter, when all animal food including milk and Ipitter is forbidden The diet was stnctly 
vegetarian but included fats and oils of vegetable origin They found lightly cooked liver 
and cod-hver oil were very efl&cacious in the cure of mghtblindness 

McCarrison (1920) stated that xerophthalmia occurs not infrequently in India on a diet of 
rice and vegetable oil and is curable by cod-liver od Wnght (1922) described conjimctnal 
pigmentation as one of the most charactenstic early signs in vitanun A deficiency Blegvad 
{loc Git ) recorded a number of cases of xerophthalmia traceable to deficiency of vutamin A and 
curable by admimstration of cod-hver od He pointed out that the quantity of vitamin A m 
mother’s mdk vaned vnth the quantity of the vntamm in her food If the mother’s food was 
devoid of or deficient m fat-soluble vitamm A, then her owm reseiwe supply would gradually 
become exhausted and both she and her baby would be liable to develop keratomalacia 
Parallel results were obtained by Drummond (1918) and Nelson, Lamb and Heller (1922) m 
experiments with laboratory ammals 

Pdlat (1929) observed 70 cases of mghtbhndness occurring among 209 Chmese soldiers out 
of 3,000 exarmned m a mihtary camp north of Peiping The mghtbhndness was associated m 
all of these cases with pigmentation, xerosis, wrinkhug of the bulbar conjunctiva and Bitot s 
spots, either alone or in combination Their diets, though sufficient in quantity, were lacloug 
in vitamin A He obtamed good results m these cases by givmg green vegetables and cod-hver 
oil He considered mghtbhndness, pigmentation of the formx and the semi-lunar fold of the 
conjunctiva, Bitot’s spots, wrmkhng of the bulbar conjunctiva and pre-xerosis of the cornea 
to be due to vitarmn A deficiency More recently, extensive chmcal observations on conditions 
associated with avataminosis A have been recorded by many workers, especially by Wnght 
in India, PiUat in Chma, Bloch and Widmark m Denmark and hlon m Japan The following 
1 1 cal conditions have been described m cases of vita mm A deficiency — 

Nightbhndness , m the hds, blepharitis, styes, comedones, and meibormtis , m the conjunc- 
tiva, pigmentation, xerosis, Bitot’s spots, loss of lustre and wnnkhng of the bulbar conjunctiva , 
in the cornea, xerosis, dimimshed sensitivity of the corneal epithehum, keratomalacia, 
dystrophy of the cornea , affections of the para-ocular glands especially the lacrimal and the 
accessory lacnmal glands 

These chmcal changes have also been reproduced expenmentaUy m animals fed on vitamin 
A deficient diets by numerous workers The chief ocular signs and symptoms of vitamm 
A deficiency are discussed individually m the sections which follow — 

Ntglitbhndness — The essential feature is a defect in dark adaptation and to measure k 
several kmds of biophotometers and adaptometers have been devised AH cases of defective 
dark adaptation and its advanced stage, mghtbhndness, are not due to vitamm A 
deficiency Diseases of the eye, such as opacities in the cornea, lens and vitreous, 
diseases affecting the peripheral parts of the retma, and choroid or both, retinal detachment, 
optic neuritis, optic atrophy, glaucoma and advanced myopia cause mghtbhndness It may 
also occur as a congenital condition, in Oguclii’s disease, and in psychological conditions 
in association mtli nenrastheina and other functional disorders (Wittkower et al , 1941) 
Nightbhndness due to mtaniin A deficiency should really be called nutritional nightbhndness 
It has been known to occur m an acute foi-m in people living on a vitamin A deficient diet an 
exposed for prolonged periods to the glare of the sun either direct or reflected from the sea 
Elliot (1920) ivrote, ‘ It is accepted as an axiom that mghtbhndness is worse in proportion 
to the exposure to bright hght that a patient has suffered during the day ’ He attributes i 
to the activity of the visual rays of the sun Aykroyd (1930) obseiwed this condition ainongs 
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fislicrmen in ^Tew fountllind nncl Lnbndor, whose diets ^^e^e obviously deficient in vitamin A 
and recorded tlirtt fishennen exposed for long periods to the glare of the sun in open boats vere 
the vor'c sufferers He stated that these people vere avnre that niglitbhndness could be 
cured rapidh b} entmg tlic fresh Iners of sea gulls or of fish 

The csiisation of jiufnfional night blindness is of interest The effect of strong light in 
preciintnting the condition and its rapid appearance vhen the appropriate treatment is given 
suggest that the a isinl ]nirple is concerned Visual purple is bleached In light and is regenerated 
in darkness The rapidit\ of regeneration of the r isual piirjile determines the onset of the a ision 
111 darkness (scotopic Msion) so that nightblnulncss iiia) be due to delayed regeneration of the 
aasnal purple or to its fiincfional dcficienca Dclaj m regeneration of Msual purple lias been 
demonstrated expcnmentall} In Fridericia and Holm (lb23) and Tansley (1933) in animals 
fed on a diet deficient m antamin A Other workers have demonstrated either a high aatamm 
■V or carotene content in hogs retina (Yiidkin, Kriss and Smith, 1931), carotenoid pigment in 
ox retina (a on Euler and Hcllstroni 1933) aitanim A in the retina and the pigment layers of 
the retina of sheep, ox and ]ng CWald 19)3) carotene in ox retina and the pigment epithelium 
lasers (\on Euler and Adler 1934) Mtainin A and xantliophyl m large quantities m the light 
adapted frog’s retina AVald and others seem to think that vitamin A deficiency leads 
to functional deficiency and that delayed rcgenemtion of visual purple is the result Other 
workers (Hugos, Lienhardt and Aubcl, 1929 , Dfcllanb) 1934) haae described degeneration in 
the optic nen'c-bnndlc in adaanced avitaminosis A in animals and suggested tliatthis may be 
the cause of nightblmdness Init the fact that dramatic cure occurs after treatment wath 
cod-ha er oil for a fear daj's seems to be inconsistent aaath this anew 

Pigmmtahon of the conjiincina — Peaernl obseraers in the East have desenbed a peculiar 
pigmentation of the bulbar conjunctiaa and fornix ns an early sign of vitamin A deficiency 
Wnght (loc cit ) desenbed pigmentation of the conjunctiva os one of the most charactenstic 
early signs Pillat (1929) observed a combination of mghtbhndness wnth a pecubar brown 
pigmentation of the conjunctia a" the serai-limar fold and the formx He observed that ‘ pig- 
mentation is also present in the beginning stages of aantnminosis and forms, if present, a very 
important diagnostic symptom ’ , he also observed ‘ pigmentation as the only symptom of 
avitaminosis ’ Other obsera'ers holding the same view' are Dion (1924) and El-Togby and Wilson 
(1933) This type of pigmentation has not been desenbed in Western countnes The 
pigment is melamn and appears m the basal cell-layers and later airiayers become diffusely 
pigmented 


Dhurandhar and Boman-Behram (1940) stated that 72 per cent of their cases with conjunc- 
tival pigmentation were,deficient m vitamin A Kirwan, Sen and Biswas (1941) are of opimon 
that pigmentation of the conjunctiva avrth or W'lthout Bitot’s spots is not necessanly a sign of 
antamm A deficiency 

Xerosis conjunctiva (xerophthalmia, conjunctmtis anda of Mackenzie) — This is a 
degeneratia e condition characterized by dryness of the conjunctiva due to impairment of the 
secretory activity of the mucous membrane, and not due to dimimshed laenmak secretion 
The dryness affects the epithelium only and so the condition is knoavn as xerosis epithehasis and 
18 distinct from xerosis parenchymatosa The xerosis is associated with debdity or malnutrition 
Although the nature of the malnutrition is mdefimte, it has been considered a deficiency state 
because of its frequent association anth mghtbhndness and because it responds to treatment 
either with liver or cod-hver oil On the discovery of Bacillus xerosis m 1874, the condition was 
attnbuted to infection anth this organism This view was short-hved as Bacillus xerosis, 
though present in large numbers in xerosis of the conjunctiva, was found to be saprophytic' 
It was again revived after Findlay (1926) observed a defimte deficiency in lysozyme m the 
t^rs of vitamin A deficient rabbits In more recent years workers have produced xerosis and 
a stages of keratomalacia m ammals fed on a diet deficient in fat-soluble vitamm A (Harden 
w n n 1918. Osbourne and Mendel, 1913, 1914, 1915, 1921 , Yudkin and Lambert, 1923 
Woolbach and Howe, 1925 , Green and Mellanby, 1928, 1930, and others) Their observa’ 
tions have supported the view of DfeCoUnm and Simmonds (1917) who held that xerophthalmia 
Should be regarded as a deficiency disease Mon (1922) observed shrunken lacnmal and 
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Hardenan glands m lus experimental aminals and revived tlie view that the xerosis was 
a result of desiccation due to the loss of tears, but chmcally many cases of xerosis 
and keratomalacia have been observed inth lacrimation Moreover, removal of the 
lacnmal glands does not lead to xerosis Mellanby (1930, 1933) considered the conditions 
to be neurotrophic In experimental animals with well-developed xerophthalmia, he found 
changes in the myehn sheaths of the trigemmal nerves In early cases, the nen^es 
return to normal on a diet with vitamin A or carotene , in more severe cases typical 
AVaUenan degeneration occurs along with degenerative changes in the cells of the Gassenan 
ganglion 

The first detaded chmcal description of the condition was given by Bitot {loc cut ) Four 
stages are described (1) loss of lustre appears as a dullness of the conjunctival reflex, accen 
tuated by keeping the hds open and most marked on the temporal side of the limbus , (2) wnnk 
ling of the conjunctiva, v hich is obserimd in the palpebral fissure and appears concentnc to the 
limbus , (3) Bitot’s spots, which are small white sharply defined patches, tnangular m shape with 
the base towards the limbus They are on the temporal side and bilateral They are covered 
wnth a material resembhng dned foam which is made up of Meibomian secretion and can he 
easdy removed by rubbing They, however, quickly return after removal and are not mois 
tened by the tears , (4) leathery appearance of the conjunctiva which is thrown into folds 
concentnc vnth the hmbus The pathological process is one of metaplasia and hyperplasia and 
ultimately keratimzation of the conjunctival epithelium 

Keratomalacia — This has been described by a large number of previous observers as an 
advanced stage of xerophthalmia Pfllat (1929) described (1) a pre-xerotic stage m the cornea, 
the signs of which are loss of lustre, dryness on exposure to the air and reduced sensitivity of the 
entire cornea , (2) a stage of xerosis, the signs of winch are dryness of the corneal epithehum with 
a patchy distribution of grey areas especially marked m the palpebral areas , (3) and lastly, 
keratomalacia proper, the signs of which are dull cornea, formation of infiltrations, ex-fohation 
of the corneal epithelium and ulcer formation, frequently resulting in atrophy of the eye 


Chmcal tnveshgaiicm 

The observations in this investigation were made firstly on ocular manifestations 
and secondly on other associated conditions The ocular manifestations are classified as 
follows — 

Group I — Haemeralopia w ithout ahy pathological change m the eye or m the optic 
nerve 

Group II — The conjunctival mamfestations Loss of lustre, xerosis, Bitot’s spots 
and pigmentation either alone or in combination 

Group III — The corneal mamfestations, described by Pillat as ‘ pre-xerosis ’, which 
consist of loss of lustre, dryness on exposure to the air and dmiinished 
sensitivity of the corneal epithehum, with or without any other 
mamfestation in the conjunctiva 

Group IV — Keratomalacia without breaking down of the corneal epithehum, associ- 
ated wuth dryness of the corneal epithehum and areas of degeneration in 
the deeper layers of the cornea — the pre-ulcerative stage 

Group V — Keratomalacia with breaking down of the cornea This is called tlie 
stage of ulceration 

Group AG — Complete loss of the eye resulting in an antenor staphyloma of the eyeball 
or phthisis bulbi in the absence of infection, or panophthalrmtis when 
infection has occurred 

Tlie number of cases in each group — A total of 1,604 cases were investigated and the data 
relating to 965 cases will be considered These mclude in group I 200 cases, in group B 
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308 cn'ses in groups III to VI 227 cases The remaining 140 cases who showed no evidence 
of \ntnniin A deficiency , scta cd ns controls for cases examined for dark adaptation Each 
group wall be discussed separate]} , in relationship to sex, age community and other associated 
conditions 

Lvmtotwn of slah'^itcs — Erom institutional statistics, it is difficult to estabhsh 

the incidence of a disease amongst different groups of people The community and the sex 
composition of the population can be ascertained from the Census figures As the communal 
and the sex prejudice in attending clinics cannot be estimated, it is necessary to make some 
sort of assumption regarding these biases and for this reason the incidence of a disease 
deduced from hospital statistics can at best be taken only ns a ver}' rough approximation 
of its incidcnee in the general population 


Group I — A'tg/i/Wiuduess 

Two hundred cases were obser\ed In 61 cases, there were pathological conditions m the 
eves These consisted of 36 cases of disease of the retina and 15 cases of disease of the optic 
nerve, making 25 5 per cent, which is a high proportion One hundred and ten cases had normal 
fundi , in the remaimng 39 cases, the fundi were not examined Dark-adaptation tests with 
the biophotonieter were earned out in 106 cases Table I gives the residt — 

Table I 


Result of darL~adap(atton tests w mglitbhndvess 


1 Xonnal j 

Border line 

Deficient 

1 1 

Not done ] 

C 

Total 

Fundus healthy 1 

14 ^ 

0 

CO 

18 i 

1 no 

Fundus not examined 

1 

0 

1 ’ 

25 

1 39 


Eleven out of 18 cases of the group with normal fundi in which biophotometnc 
exanunations were not done, were below 10 years of age It will be seen that in 78 cases of the 
group with normal fundi the existence of nightbbndness was defimtely estabbshed and in 
13 cases of the other group, in which condition of the fundi was unknown It is questionable 
if all these cases were cases of nutritional mghtbbndness They are referred to as doubtful 
cases The importance of the biophotometer as an mstrument for mvestigating vitamin A 
deficiency is evident from the above findmgs Biophotometers are now being used by even 
non-medical men m India to find out the degree of nutritional deficiency m the population 
In 61 cases, i e 25 6 per cent, the mghtblmdness was due to pathological conditions in the 
fundus Of the 106 cases exarmned by the biophotometer, 16 gave normal readmgs The 
occupations of the 15 cases of mghtbhndness vnth normal biophotometnc readings were 
as follows 8 schoolboys between the ages of 9 and 21, 2 schoolgirls of 9 and 13 years, 
1 tador (18 years), 1 jute-rmU worker (22 years), 1 carpenter (25 years), 1 excise vendor 
(42 years), 1 mamed woman (23 years) 

Although they came to the hospital complaming of difficulty of seemg at mght, the 
existence of mghtbhndness could not be confirmed by the biophotometer They were given 
either cod-hver oil or shark-hver oil and did not agam return to hospital for treatment It is 
po^ible that during the biophotometnc exanunation they stated that they saw the spots 
before they actually did so On the other hand, 56 out of the control group of 140, i e 40 per 
cent, showed impairment of dark adaptation on the biophotometnc exanunation The control 
group had no sigM or symptoms of vitarmn A deficiency It is therefore clear that the 
diagnosis of mghtblmcffiess by biophotometer readmgs has its bimtations There may be 
faidty mte^iretation of biophotometer readmgs m cases m which there is disease of the eye 

and t,nft ontno. nprvp 
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Sex incidence in niglMlindness cases — Table II shows the sex incidence in 78 definite and 
13 doubtful cases of nigbtblindness — 


Table II 


Sex incidence in mgJitbhndness cases 


Sex 

Definite cases 

Doubtful cases 

Total 

Male 1 

1 

74 

13 

87 

Female I 

1 

4 

Nil 

4 

Total 

78 

13 

91 


According to tlie 1931 Census figures the number of males m Calcutta is twice that 
of females The preponderance of males has therefore to be attributed either to (1) variation 
in the sex mcidence of the disease or (2) prejudice on the part of females against attending 
hospitals It seems, therefore, that the incidence of nightbhndness m males is lugher, as 
prejudice on the part of the female sex against hospitals would not explain the ratio of 
1 11 This appears to corroborate the effect of exposure to glare in the development of 

mghtbhndness 

Age group — The age distribution of 78 defimte and 13 doubtful cases were as foUows 
(Table IH) — 

Table III 


’*'V. 


Definite cases 
Doubtful cases 


Totai. 


c 

M S 
a 
o 

m ^ 

§ o 


Age grouping in mghiblindness cases 


c 

I i 

o 

o ^ 

W XO 


c 

^ E 
*= a 

SL 

03 ^ 

m O 
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B 

J e 

-P eJ 
O 
1=^ 
tn 

m lO 


12 

1 


13 


10 

3 


19 


19 

1 


20 


C 

a 

c 


lO 

p 
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§ 
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o 

o 

a> 

o 
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W o 
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1-3 

O 


12 

6 

1 

2 

2 

2 

1 

3 

1 

Ntl 

1 

Nil 

13 

9 

2 

2 

3 

2 


78 

13 


91 


Biophotometnc examination was not carried out as a rule in children below the age of 10 
years The percentage of cases of mghtbhndness m different age groups amongst males above 
10 years of age with their relative age distnbution m the population of Calcutta is given m 
Table IV — 


Table IV 

Percentage in age g)oup and comparison with the pci'centage in ilte jiopulalion 
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The ])roportion of ciscs in -igc groups below 21 ^ cars of age is higher than in the population 
and it IS just the rc^ ersc for age groups oa cr 21 )c\rs It appears that males below the ages 
of 21 -^cars suffer more than tho-JC aboac that age 

Communitij — ^Thc connnunit} distribution of dcrniite and doubtful cases of nightbhndness 
is gia en in T iblc V — 

Tam l V 

Commuuifi/ dT^lribiitioii tn mglublivdncss eases 



Hindu 

MolninmctHn 

CIirHlmn 

Olliers 

Tot in 

Definite CTfei 

'»0 

10 

S 

1 

18 

Doubtful c-i'^;‘< 

10 

0 

\,l 


13 

Totvl 

CO 

n 

8 

1 

91 

_ 

— 

' - 

1 

- 




The Hindu population of Calcutta is 2 6 times more than the Mohammedan The number 
of Hindu eases is o i times greater than that of Mohammedan cases As Mohammedans attend 
hospital in smaller numbers than Hmdus the incidence of mghtbhndness in the two commu- 
mties is probably about the same 

Treatment — ^In all cases of aatamin A dcficieucj , a definite plan of treatment was followed 
and the following medicines were used In all slight cases without any gastro-intestinal or 
ha er disorders cod-ha er oil or shark-hver oil was administered The shark-hver oil was secured 
from ^ladras and its potency for aitanim A was found to be four times and for aitamin D twice 
that of cod-hver oil Its chemical composition apart from antamin content was found to be 
almost the same as that of cod-lirer oil The adult dose was 2 drachms of cod-lia er oil 
3 times a day or ^ drachm of shark-ha er oil 3 times a day All severe cases and aU cases 
with gastro-intestmal or hver disorders were treated by parenteral administration of vitamin 
A The preparations used a^ere ‘ Prepahn ’ made by the Glaxo Laboratones, each c c 
contaimng 100,000 International Units of antamm A and later in the course of the inqmiy 
a autamm concentrate prepared by Dr Aykroyd m the Kutritional Eesearch Laboratories 
m Coonoor Out of 78 defimte cases of mghtbhndness, 20 cases could not be treated 
Pifty-eight cases were treated as foUoavs (Table \H) 


Table YJ, 


Treatment of mglithhndness cases 


litPBOVEJlENT 


OF tbeatmect 


Treatment 

1 

No 

Yes 

Less than 

1 week* 

^ Less than 
2 weeks 

I Less than ' Less than 

1 month 3 months 

1 1 

Failed to 
attend 

Cod liver oil, 20 cases 

1 

12 



1 

1 

1 6 

8 

Shark liver oil, 28 j 

1 

16 

t 

1 

1 

10 

1 <5 

12 

‘ Prepalm 7 cases ! 

1 

G 

5 

1 

1 

1 

1 



Vitamm A concentrate, 3 cases 


3 

1 

1 

1 

! 1 

1 

1 



Ee-examination bv the biophotometer was earned out in 27 cases 
normal readmgs Eight out of the 13 cases belonging to the doubtful 
Three cases were cured and 5 did not re-appear 


All of these gave 
group were treated 
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Group II — Conjunclival manifestations 

Pigmentation of the conjunctiva — The colour vanes from a hght-brovn to a mahogany 
brown and it has been observed that when a patchy light-brown colour is found on the bulbar 
conjunctiva in the palpebral fissure, then the colour in the lower fornix and caruncle is much 
darker Later, dark-brown pigmentation appears around the limbus The colour m the lower 
fornix, caruncle and aroimd the hmbus may be so dark as to resemble argyrosis and it is often 
mistaken for it In these extreme cases the pigmentation of the bulbar conjunctiva is imiform 
ly dark-brown and the mucous membrane is dull m appearance The pigmentation does not 
affect the palpebral conjunctiva and is due to melamn This pigmentation has not been 
obsen'^ed m Western countries The strong glare of the sun m the tropics may be responsible 
for the production of pigment in the potential melanoblasts in the basal layers of the 
conjunctiva, especially at the hmbus and caruncle (PiUat, 1933) 

Xerosis of the conjunctiva — The first sign of this is lack of lustre of the bulbar conjunctiva 
most marked on the temporal side of the palpebral fissure This spreads in patches, wrinkluig 
appears, the conjunctiva is thrown into folds m the direction of the movement of the eyeball 
and fiuaUy Bitot’s spots appear They are usually hght-grey but sometimes white m colour, 
are always bilateral and may vary m colour and extent in both eyes They appear as spots 
and as these increase they form an oval patch which later may dev elop mto a triangular one 
with the base towards the hmbus They are always to be seen on the temporal side The 
patch IS covered vnth a substance which resembles in appearance dry white foam This can 
be rubbed off showing the Bitot’s spots It, however, qmckly re-forms and is mamly 
composed of Meibomian secretion 

Three hundred and ninety-eight cases belonging to this group were examined for dart 
adaptation by the biophotometer and the results are given m Table VII — 


Table "Sni 


Results of the darh-adaptation test in cases shounng 
conjunctival manifestations 


Condition 

j 

1 Normal 

Border lino 

Deficient 

Total 

Pigmentation alone 

112 

40 

41 

193 

Xerosis alone 

1 

4 

1 

Nil 

1 

6 

Pigmentation and xerosis 

' 7S 

26 

26 

123 

Xerosis and Bitot’s spots 

Nil 

1 

1 

2 

Pigmentation, xerosis and 

! 47 

17 

11 

76 

Bitot’s spots 

1 

1 




Totai 

236 

1 

1 

83 

79 

398 


Assuming that all border-line cases in this group are deficient m vitamin A, it has been 
found that 236 out of 398, i e 69 3 per cent, were normal as regards dark adaptation In the 
control group of 140 cases, who had no signs or symptoms of vitamin A deficiency, 84, i e Cl 
per cent, were normal as regards dark adaptation Consequently, it is reasonable to assume 
that these conjimctival signs do not indicate a deficiency of vitamin A Most observers have 
mentioned these conjunctival manifestations as signs of vitaimn A deficiency so their incidence 
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m definite cases of Mtamm A deficiency, c g nntntionnl niglitbhndncss and beratomakcia, 
IS of interest (Table VIII) — 

Tahtf Yin 

Incidence of caujuncinal piqmcniatioJJ, orcrosts and Bitot s spots 
111 coses of inghtbtiudncss and Leratonialacia 


• ) 

Condition 

XigUlbUndncss 

Kcrntoiimlncin 

I 

Pigmentation onlj 

1 

I 

I ^0 

i 60 

Xerosis onlv 

Ad 

i 13 

i 

Pigmentation and xerosis 

' 10 

1 120 

Pigmentation, xerosis and Bitot’s 
spot** 

t 21 

1 

1 8 

Xone of aborc signs 

15 

00 

Total 

01 

1 oo-j 


In cases of nightblindness, 83 5 per cent and m cases of beratomalacia, 84 2 per cent bad 
one or more of these signs The findings of pre^^ons obseriers were therefore fairly correct 
It may be argued that the cases m this group had suffered from ^^tamm A deficiency of short 
duration and these signs take a long time to disappear iSone of the 398 cases gave any history 
of nightbhndness acquired recently or m the past 

GRom? Ill — Dunimshed sensitivity of the epithelium of the cornea vnth or 
without any manifestations in the conjunctiva 

This group compnses the pre-xerosis and the verotic stages and is the earliest stage of 
keratomalacia In the pre-xerosis stage as described by Pillat, there is shght loss of lustre of 
the cornea, less brilliant ‘ vondov reflex ’ on the cornea and a very shght haze and diyness m 
the superficial layers These increase on the cornea being exposed to air, the sensitivify of the 
cornea is diimnished and is most marked m the centre and the upper part This is t^ed by 
touching the cornea ivith a piece of cotton-vrool In the xerotic stage, the cornea becomes 
dry and lustreless and the sensitivity is diminished to such an extent that the cornea can be 
touched without causmg hhnlang of the eyehds Patches of light grey areas appear in 
the epithehnm, most marked m the palpebral fissure The areas are triangular m shape 
with their base towards the hmhus , they may also appear as round, irregtilar small dots 
The epithehnm is intact With proper treatment these areas completely clear up leaving 
a completely normal epithehnm 


Group — Keratomalacia vnlhout brealnng doion of the cornea 

In this more advanced stage, the epithehnm is still mtact but areas of infiltration or 
degeneration appear m tbe deeper layers of the cornea These areas are grey m colour with 
diffuse mar^ aud appear usually m the centre Occasionally, when they are at the 
penphery, they are crescentnc m shape with a smaU nm of clear cornea between them 

and the hmbi^ The cornea is dry and lustreless, but with early and correct treatment it 
completely returns to normal 
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Group V — Keratomalacia ivilh heahvg douv of the coinea 

When the cornea begins to break down then it rapidly does so both in depth and on tlie 
surface Unless the condition is controlled quickly, it involves the whole of the cornea, 
perforation takes place and the iris prolapses Kven with early treatment some permanent 
damage to the cornea results, which may be either a leiicoma or an adherent leucoma or a 
partial anterior staphyloma The presence of infection in the conjunctival sac is of great 
importance m this stage, because if the conjunctiva is infected, a rapid spread of the ulcer 
with even perforation of the cornea takes place and the eye is lost from panophthalmitis 
In the absence of infection, notwithstandmg gross changes m the cornea, there is no 
reaction, i e no cihary injection or injection of the conjunctival blood vessels, the chief 
s}Tnptonis being sensitiveness to hght and watering of the eye 

Group VI — The stage of heiatomalacia in which th-e eye is completely lost. 

This takes place either b)’^ atroph)’- resultmg in phtlusis bulbi or an anterior staphyloma is 
formed If infection occurs, panophthalmitis results 

Genetal condition in heratomalacia — The general condition of a child in keratomalacia is 
low The child is emaciated w ith a distended abdomen and dry, bnttle, scanty ham The 
mouth and tongue are dry The child is irritable and cries a great deal The skin is loose, 
dry and dark in colour Diarrhoea is often present in advanced cases and may be the cause 
or the effect of the vitamin A deficiency 

As regards the prevention of bhndness groups III and IV are the most important, smce in 
these stages, wath proper general treatment, the majority of the cases can be completely cured 
without causing any defect of vision 

Distribution of cases according to the different groups — Table IX shows the distribution of 
keratomalacia cases Group III — III indicates that both eyes were in group III and so on 


Table IX 


Distribution of cases according to gioups. 


Group 

Number 

Group 

Number 

III— III 

31 

V 

29 

III— IV 

13 

IV— VI 

4 

m— V 

4 

V— V 

03 

III— 

3 

V— 

20 

l\ —IV 

30 

VI— VI 

18 


Total 

227 



Table IX shows that 80 cases only attended the hospital in the early stage, 
namely groups III — III, III — IV and IV — ^IV, and 89 cases w’’hen the condition was ahnos 
hopeless, i e m groups V — V and V — ^VI, and that 18 cases were already blind, that is 
group 

Sex incidence — The distribution according to sex in keratomalacia was as follows 0^ 
the total number of cases, 145, i e 63 9 per cent, were males and 82, i e 36 1 per cent, I'Ci® 
females This agrees with the proportion of males and females m the Calcutta population 
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wliicli IS 2 1 This iiroportion s( incls out m contrast to that ohscn'ccl m the case of 

lucmcralopn Kentoninl vua is c'^sciitinlh a childrens disease, liufc in the age groups over 
10 3 cars m hcratoiiiil icia cases the proportion of males to females is still mamtamed 
at 2 1 As women ire reluctant to come to hospital, it is probable that the incidence 
of kcratomalaci 1 is higher amongst them 

Age groiij)— The age distribution of kcriloniilKia cases is given m Table X — 


Taiill X 


Age di'-lnbution of hmlomdacia casts (nol recorded tn 2 cases) 


tr 

X. 

c 

o 

c 



1 


I 







Numlx'r of cn^cs i -4 

1 

Percentage I 10 7 


ja 

10 2 


I I 

5 S 


21 

10 7 


02 

•10 0 


20 

80 


11 10 3 


58 ' ■14 1 13 


3 I 225 
1 

1 3 I 100 


One hundred and se^enty-s^x, i e 78 3 per cent, of the cases were below 6 years of age and 
of these 84 were infants below the age of 1 year The annual birth rate m Calcutta is about 
40A>00, according to the 1931 Census Since there are many other hospitals and facilities for 
treatment, it is apparent that the incidence of the disease amongst iiiants is bgh and calls 
for special attention 

Gommumiy — Of the two hundred and twenty-seven cases of keratomalacia, 163 were 
Hindus, 59 Mohammedans and 3 Chnstians The ratio of Hmdus to Mohammedans is 2 8 1 
This agrees with their proportion in the popidation of^Calcutta As the Mohammedans do not 
attend the hospital m as large numbers as the Hindus, it appears that the mcidence of kerato- 
malacia IS higher amongst the former 

Diarrlicea in leraiomalacia cases — ^Diarrhoea may cause vitarmn A deficiency by mter- 
fermg with the absorption of fat and vitamin A deficiency may cause diarrhoea due to 
metaplasia, hyperplasia and ultimately keratmization of the gastro-mtestmal epithelium 

Out of 227 cases examined, 63 cases had diarrhoea The duration of the diarrhoea was 
as follows less than 2 weeks, 4 , less than 3 weeks, 7 , less than 4 weeks, 6 , less than 
2 months, 11 , less than 3 months, 7 , over 3 months, 1 Five were early cases of kerato- 
malacia, the remainder were advanced or very advanced cases All were treated 'With 
parenteral administration of ‘ Prepalm ’ Thirty-two showed improvement both as regards 
the general as well as the ocular conditions , 3 showed no improvement and the rest did 
not come to hospital agam 

Jaundice in keratomalacia cases — Sixteen cases had jaundice of the obstructive type, 
givmg an immediate direct positive van den Bergh reaction The majonty of them did 
not know that they had jaundice In 6 cases, the duration was as follows 1 month, 1 
2 months, 1 , 4 months, 1 , 6 months, 1 , 14 years, 1 AH these cases were treated with parenteral 
administration of ‘ Prepalm ’ and one case with ‘ vitamm A concentrate ’, 9 cases improved 
and 7 cases failed to attend hospital agam 

Adult keratomalacia — Sixteen cases of keratomalacia were recorded over 20 years of 
age Three cases were due to jaundice and 2 cases were due to gastro-mtestmal 
disturbances 
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Treatment of Leiatomalacm — Out of 227 cases, 210 were treated and 17 cases failed to 
attend the hospital The results of treatment are given below in Tables XI-A to XI-D — 


Table XI-A 

Result of iieaime^it in J^eratomalacia , eaily cases, clinical ' 
groups III — HI, IV — IV and III — 7F 



Impeovesient 

Dijhation of teeatjient 

Treatment 

No 

j 

Yes 

Less than 

1 week 

Less than 

2 weeks 

Less than 

1 month 

Palled to 
attend 

Cod liver oil, 17 oases 

Ntl 


2 

6 

2 

8 

Shark liver od, 10 cases 

Ntl 

8 1 

Nil 

6 

3 

2 

‘ Prepahn 60 cases 

Nil 


23 

12 

4 

11 

Vitamin A concentrate, 

1 case 

Ntl 

1 

Nil 

1 

I 

Ntl 

! 

; Nil 

78 oases 


67 

25 

1 

23 

9 

\ 

; 21 


Table XI-B 

Result of tieatment in keratomalacia, model ately advanced cases, clinical 
groups III—V and III~VI 



lMPEO%rEBIENT 

Dueatios of teeatment 

Treatment 

No 

Yes 

Less than 

Less than 

Less than 

Faded to 


1 week 

2 weeks 


attend 

Cod hver od, 3 cases 

Nil 

2 

1 

1 

Ntl 

1 

‘ Prepalm 4 cases 

Ntl 

3 

2 

1 

Ntl 

1 

7 cases 

j 

6 

3 

2 


2 


Table XI-C 


Results of treatment in keratomalacia , advanced cases, clinical 
groups IV — V and IV — VI 


Treatment 

lilPEOVEMENT 

Dueation or tbeatment 

No 

Yes 

Less than 

1 week 


Less than 

1 month 

Failed to 
attend 

Cod hver od, 2 cases 

Ntl 

Ntl 

Ntl 

tart 

Ntl 

2 

Shark liver od, 1 case 

1 Ntl 

Ntl 

Ntl 


Ntl 

1 

‘ Prepahn 29 cases 

1 1 

12 

4 


4 

1C 

32 cases 

! 

1 1 

1 

12 

4 

4 

4 

19 


( 60 ) 




























TAmi- -tVi-JJ 


of tnalmciit vi liralonmJacia , terti adiavccd cases, drmcal 
<iroup6 V—V, r—ri and ] I—VI 


lMri! 0 \ LMI NT 


Tit ittiu nl 

No 

{ 

Totl In cr oil, \ 5 

1 

1 

blinrk li\croj|, 

J 

6 

Prcp'ilm \ OT enw* 

o 

18 

^3 C'lhC'5 

4 

17 


I 


Da^ATIO^ or TitEAWiirNT 


Iaj-'h limn 

r c«9 than 

^ Iaisb tlinn ' 

Fniled to 

1 Meet 

2 wccUa j 

1 month 1 

attend 

Ril 

1 

1 

3 

1 11 

O 

2 

3 1 

1 8 

22 

11 1 

^ 1 

23 

24 

14 1 

1 

42 


litlaho)} of the cmuhliou of the ^lu to vitavnu A deficiency 

I’llliit (1020), Fn/er nnd Hu (1001) m Climti nnd Lowentlinl (1933) in Africa described a 
follicular hyperkeratosis of the skin in eases of \itainin A dehcicncy Nichols (1933) gave this 
condition the name ‘ phmiodernin ’ He considered it ns a sign of \ntanun A deficiency 

In this series out of 91 cases of nutntional nighthlindness, there vere 2 cases of phrj'no- 
dermn i e 2 2 per cent and out of 227 cases of kcrntoninlacin, there ivere 10 cases of 
phrynoderma i e 4 4 per cent In 140 cases of the control group no phrj noderma was noted 

Three cases of phrynoderma from the Skin Department of the Medical College, Calcutta, 
without anv other sign or symptom of mtamin A deficiency, were examined with the biophoto 
meter Two of them were normal and in the other case biophotometnc examination could 
not be done 

StrUMABI 

1 Conjunctival pigmentation, either alone or m combination with xerosis or Bitot’s spots 
IS not necessarily a sign of vitamin A deficiency 

2 Keratomalacia is most common in children below 5 years of age About 10 5 
per 10,000 of infants suffer from keratomalacia in Calcutta 

3 Vitamin A by parenteral administration is the quickest and most effective way of 
treating the disease This method is especially indicated in cases associated with diarrhoea 
or jaundice 
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LVFFA ACVTANGVLA TITE CHEMICAL AND 
PHAEl\rACOLOGICAL TAWESTTGATION 
OF LUFF A SEEDS 


KirMI RIXGIT GREWVL mu, (Pb ) rb d (Gnntab ), 


AND 


B D KOCmiAB, M sc 

(From f/m P/i'trni'trnlnqiml Lnboratonc'^, luuq E(hiard Medical College, Lahore ) 
[Uoccivcd for jmblicnlion, September 2S, 1042 ] 

Po 4 TDEiiKi> kernels r>{ tlic seeds of Lvffa acutaiigula in doses of ') to *10 prams are used by 
physicians prnetising indipenoiis s\ stems of medicine as an emetic and an expectorant The 
seeds of luffa are s en cheap No im cstigation of its clicmistry and pharmacology has been 
undertaken It a\ as considered desirable to im csl igate the matter The present im estigation 
deals with the cheniistn and pharmacologa of the seeds of Lujfa acxitaugiila 

The unripe fruits of Luffa acntanqula are commonly eaten as a \egetable but the ripe 
seeds are \cn bitter Tlic chemical iin cstigation has shown that tlic seeds contain a fixed 
oil, a saponin glucosidc and an cn7\ me 

I The fixed oil 

The oil was extracted wath petroleum ether The a\ crage yield of the oil avas 47 per cent 
of the kernels and calculated iii terms of the seeds it was 23 per cent The physical and 
chemical characteristics of the oil were as follows — 

{a) Physical — 

Density at 

20 

Refractiye index ri^ 

Specific refractiye power 

Viscosity' (as compared with water at 20'’C ) at 20°C 

2G°C 
40T 
GOT 


25 

196 6 to 197 6 
1 67 to 1 7 per cent 
0 392 

92 0 per cent 
12 2 
38T 
51 


Specific temperature reactions 
(6) Chemical — * 

Acid value 
Saponification a alue 
Unsaponifiable matter 
Reichert Meissl number 
Hehner number 
Acetyl number 

Slixed fatty acid melting point 
lodme value 


0 9212 

1 4695 

0 5116 
0 654 
0 409 
0 329 
0 132 
87 8 


II The sapomii qhicoside 

The sapomn glucoside is present to the extent of 2 per cent of the seed The fat-free powder 
of the kernel of Lvffa aeiilavgida, dried m a current Of warm air to remove the petroleum ether 
was extracted with 90 per cent ethyl alcohol in a Soxhlet apparatus The alcohol was removed 
under vacuum The residue, after treating with sulphuric ether to remove the last traces 
of the fat and green colouring matter, was refluxed twice with ethyl acetate for 24 hours to 
ramove any guuimi substances It was dried mar acuum desiccator for a week, dissolved 
in methyl alcohol and refluxed for lialf an hour with addition of a httle ammal charcoal and 
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filtered From tins the saponin was precipitated inth absolute ethyl alcohol and dried over 
calcium chloride in vacuum 

It IS an amorphous powder, bitter in taste, soluble in water, methyl alcohol and 90 per cent 
ethyl alcohol It is slightly soluble in absolute alcohol but is insoluble in ether, benzene, 

[ 120 
CC j) = + 28 6 

and melts at 190°C to 195°C Its acetyl derivative melts at 150°C On shakmg, it gives 
persistent froth On heating with dilute hydrochloric acid it is hydrolysed into an insoluble 
substance melting at 164°C and a reducing sugar, which readily decolorizes bromine water, 
gives red coloration on warming for some time with resorcinol in hydrochlonc acid, thus 
showing the presence of aldohexoses The melting point of the osozone of the reducmg sugar 
was 198°C to 200°C The sapomu is easdy reduced by emulsin and more readily so by the 
enzyme prepared by us from the seeds of luffa 
It gives the following further reactions — 

^1) It IS weakly acid to litmus (2) It is precipitated by neutral lead acetate (3) Basic 
lead acetate gives no precipitate (4) It gives \nolet coloration with concentrated sulpbunc 
acid (5) It gives violet coloration with equal parts of ethyl alcohol and sulphuric acid and a 
drop of ferric chloride (6) The mixture of sodium nitrate and the saponin glucoside gives 
no coloration mth a drop of sulphuric acid (7) It gn cs yellovush brown colour with Nessler’s 
reagent 

77/ The enzyme 

The method of R Wdlstatter and AV Csanyi for emulsin, as described by Rosenthalet 
(1930), was used for the extraction of the luffa enzyme 

The enzyme is a white powder and its action on luffa saponm glucoside and on sahcin was 
compared with that of emulsm The results are given below in the Table — 


Table 

The comparative lates of hydrolysis of luffa glucoside by luffa enzyme and emulsin 
and that of salicm by luffa enzyme and emulsin 


GLUCOSIDES 

Luffa OLUCOSIDE 0 5 pek cent solution 

Enzymes 

^ Luffa Emulsm 

39°C I 46'’C 39°C 45'’C 39°C 45°C 

Mg per 100 c c calculated as glucose 


SXUOIN 0 26 PEE CENT 
SOLUTION 


Enzymes 


Nil 

Luffa 

39°C 

39°C 


0 

2 ! 

2 

2 

2 

2 

2 

Nil 

Nil 

4 

1 


6 

7 

3 

6 


8 

1 

2 

2 

20 

20 

14 

14 


12 

2 

1 

3 

35 

34 

17 

16 

Nil 

17 

3 


1 


49 


17 


25 

4 


1 

54 

68 

20 

19 

Nil 

27 

24 

10 


101 


94 


5 

87 

4S 

12 


175 


113 




12 

15 

1 


1S4 


119 






1 


PnARMACOrorTCVL INA F'^Tir VTIO\ 

Toririlii — Tlie to\i{i{\ of the sipoiiinwns slmlitd on frogs The mniiinum Ictlnl dose 
{m ? d ) of tlie ghicosidc for frogs {R/itia (tgraiia) wns deterinincd b} injecting 0 4 to 1 per cent 
solution m the ventral h inph sac 

The m f d for frogs v as found to be 0 2 g per kilogram of bod} -weight 

ncrmoJij’nc — ^The ha-inoh tic effects of the hijfa saponin were studied on dog’s washed red 
blood corpuscles suspended in an isotonic buffered llinger solution Solution of saponin 
(Merck) was used as control The h-uiuol\tic effects of Jitffa saponin are quite comparable 
to that of Merck s s.apomn It causes complete Imnoh sis of r b c in an hour in 1 35,000 
dilution whereas the Jlerck s saponin causes complete hicniol} sis m 1 40 000 

Frog s Jicarl — The perfusion of frogs’ hearts showed a digitalis-like action in concentration 
of 1 m 1,000 in 2 hours 

Dog s heart — Intraaenous injection of the glucoside in dogs produced slowmg of the heart 
wnth a slight rise in blood pressure, but ea cn 1 g of the sapomn glucoside did not produce 
systolic starfd The action was considered of no therapeutic importance 

Alcohohe extract — The effects of alcoholic extract were studied on dogs One in 1 
alcoholic extract of the seeds was prepared In jiercolation and concentration under reduced 
pressure Alcohol was eaaporated before admimstration of the drug 

In doses of 1 c c per kg in dogs it caused death Post-mortem exanunation showed 
extreme irntation of the intestinal tract espcciall} tlie small intestine There was no actual 
idceration In 0 5 c c per kg it caused a omiting and cliarrhcea, m 0 25 c c per kg it caused 
sometimes purgation and a onuting but always caused great deal of sahvation 

Aqueous extract — The fresh kernels rubbed m water were gia en to dogs by mouth 0 5 g 
per kg caused sahvation and vonutmg in about an hour and 1 g per kg caused vomiting from 
15 mmutes to an hour 

Oil — ^The effect of oil was studied in dogs Five c c to 12 c c of the oil given to dogs by 
stomach-tube caused purgation and vomitmg and m some cases this was accompamed by 
blood "When given intramuscularly (2 c c to 6 c c ) it caused locally sweUing of the part , 
the swelling remained for a number of days depenebng upon the quantity of the oil given 


Discussion 

The fnutof Luffa acutaugula is used in Ayimeda as an anthelmmtic, stomachic, anti- 
pyretic , is said to cure bibousness, asthma, bronchitis and flatulence It is also used m 
Yunam medicme for similar purposes (Kirtikar and Basu, 1933) 

The pharmacological findings of the present mvestigatiOn show the drug to be an 
irritant of the gastro-mtestmal tract The alcohohe extract of seeds caused irritation of 
the mtestmal tract, especially the small mtestme As small a dose as 0 26 g per kg of 

the seed m alcohol (1 1) caused vonutmg and diarrhoea m dogs The oil has a similar effect 

on the mtestme 

The crushed kernels also cause vonutmg but are not so effective as the alcohohe extract 
The drug is very cheap and, if chmeal trial is given, it may be possible to find a cheap 
expectorant ^ 

Summaht 

1 The chemistry and pharmacology of the lujffa seed have been studied 

2 It contains a fixed oil, a sapomn and an enzyme 

3 It causes vonutmg and purgmg m dogs In small doses it causes nausea and 

sahvation 


J, MB 
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4 Its use in indigenous medicine ns an cTpectorant and emetic has a rational basis 
It IS a very bitter substance and is worth a clinical trial in human beings 
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THE PHAE^IACOLOGICAL ACTION ON THE CIECULATOIlY 
SYSTE:\t OF A BITTER PRINCIPLE ISOLATED FROM 
SECURIGER 1 SEC GRID AC A (LINN ) DAGEN ET 
DORFLER (N 0 LEGUMINOS/E) 
n\ 

P DE, B sc , MB (Cnl ), FRCP (Edin ) 

{From the Department of Phyaologi/, Medical College, Calcutta ) 

[Rccci\c(l for publication, October 20, 1042 ] 

Introductory 

Tbf plant Sccuriqcra sccuridaca (Linn ) Dnpen cl Dorflef belongs to the Natural Order 
Legummosai It is found in S^TIa, Palestine, Dalmatia, Germany and France It can be 
brought under cultnation m the plains of India Its seeds are sold m the Indian market ns 
diabetes seeds and arc used by ‘ Hakims ’ here as a remedy for diabetes Interest was created 
in a scientific stud\ of the nctn e constituents of this drug on the report that administration 
of the seeds gave rise to circulatory disturbances in some of the cases The presence of a potent 
pnnciple or pnnciples nas considered probable and it seemed north nhile investigating its 
properties on the circulator} system and on blood-sugar The present paper deals mth 
circulatory effects The action on lilood sugar mil form the subject of a later communication 

Chemistry 

The crushed seeds were extracted mth petroleum ether to remove the oil The es±rncted 
seeds were re-extracted mth chloroform The chloroform solution was concentrated to a 
small bulk and was shomi not to contain any alkaloid or glucoside A bitter pnnciple was 
precipitated from the concentrated product by petroleum ether The white powder obtained 
was dissolved m chloroform and again precipitated by petroleum ether Finally, it was 
diBSoUed m a small quantity of methyl alcohol and allowed to crystallize The crystalline 
bitter pnnciple was soluble in alcohol, chloroform, ethyl acetate and was spanngly soluble m 
cold and hot boding water 

Experimental 

For the present work, the crystalhne bitter pnnciple was always employed Cats were 
used in all the expenments and the bitter pnnciple was administered through the femoral vein 
in 0 05 per cent solution, unless othermse stated 

Effects on blood-pressure — nse of blood-pressure which vaned from 30 mm to 50 mm 
of mercury was obtained on admimstration of 0 05 mg to 0 075 mg of the bitter pnnciple per 
kilo body-weight of urethanized or decerebrated cats (Graph 2) In some of these ammals this 
nse was followed by a slight fall of blood-pressure To ascertain the mechanism which was 
responsible for the pressor effect the bitter pnnciple was administered in the same doses on 
spinal preparations and on ammals whose parasympathetic endings were completely paralysed 
with atropme In all these animals the pressor effect was very much augmented, and these 
stood much bigger doses than the urethanized ammals Furthermore, it was observed that 
pilocarpine produced its usual effect after adnumstration of the bitter pnnciple It rmght be 
concluded from these that the pressor effect of the drug was not due to its paralysing action on 
the vagal system 

The drug was then administered on spinal cat m which the vasomotor nerve-endings were 
completely paralysed with repeated mjections of ergotoxine phosphate It was noticed that 
the re^onse of the drug after ergotoxine was much smaller than the response obtained with the 
same dose of the drug before administration of ergotoxine (Graph 5) This showed that the 
nse of bloo^pressure was at least partly attnbutahle to its stimulant action on the sympathetic 
en gs The short and sharp nse of pressure noted with the drug after ergotoxine was 
possibly caused by its direct action on the blood vessels ox on the cardiac musculature 
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To elicit if the hitter principle had any dn ect action on the blood vessel recourse vas taUn 
to the method of cocainization described by Tainter and Chang (1927) and Tainter (1929) 
Sixteen milligrams of cocaine per kilo bod y-v eight vcre injected subcutaneously after 1 mg 
of atropme per Inlo body-i\ eight in urethain/,ed cats Tlic bitter principle administered to 
these ammals produced a weak i espouse in most of these animals (de-sensitization) It can, 
therefore, be concluded that the drug acted also partly on the plam muscles of the blood 
vessels to produce the pressor efiect 

The bitter principle when administered in doses varying from 0 1 mg to 0 15 mg per bio 
body-weight m urethamzed ammals produced a short rise of blood-pressure which was folloired 
by a fall with slowmg of the rate of the heart (Graph 2-fl) In some cases the fall of pres^ 
varied from 10 mm to 40 mm of mercury or more and lasted for about 2 to 5 mmutes or even 
longer The same effects were also observed m the decerebrated preparations but not m the 
spmal animals In the decerebrated and urethamzed animals the blood-pressure became meg 
ular m some cases It has been pointed out that in spinal preparations not only there was no 
fall of blood-pressure but the rise was more marked and persistent, which in some cases vaned 
from 60 mm to 90 mm of mercury and lasted from 5 to 18 rmnutes The fall of blood-pressnie 
with slowing of the heart which followed the short rise of blood-pressure after bigger doses 
of the bitter principle might partly be a reflex action attributable to the rise of pressure in 
the sinus caroticus but it was mainlj’' due to stimulation of the vagus centre in the medulla, 
because, firstly, it disappeared in the spinal ammals in which the vagus centre was removed 
and, secondly, the fall of pressure and slowing of the heart were persistent and were out of 
proportion to the effect which might be expected from the amount of rise observed in those 
cases , in some cases there being a marked fall foUowmg an insigmficant rise 

Effects on myocardium — In myocardiographic experiments on spinal ammals the drug 
. *i,h very small doses produced no effect either on the auncles or on the ventncles, but witli 
doses varying from 0 05 mg to 0 15 mg per Inlo body-weight the amplitude of contraction of 
the auncles and ventncles was mcreased with the rise in blood-jiressure This effect on the 
auncles and ventricles lasted for a very long time (Graph 3) It was also observed that on 
admimstration of similar doses of the bitter prmciple on atropinized ammals the effects on the 
auncles, ventncles and blood-pressure were very markedly increased 

In the urethamzed cats, wuth doses varymg from 0 1 mg to 0 15 rag per Inlo body-weight, 
^1 c auricles went into a state of dilatation and them amplitudes of contraction and relaxation 
wz^z markedly reduced and the rhythm of the heart was slowed simidtaneously with the fall 
of blood-pressure These ammals also showed irregularities of blood-pressure An injection 
of atropine at this stage relieved these irregularities and the auricles and the ventricles began 
to beat regularly (Graph 1) 

Effects on isolat-ed heart — The isolated hearts of kitten were fed through the coronary 
arteries with different dilutions of this bitter prmciple in oxygenated Locke’s solution having 
a pH of 7 2 and temperature of 37 5'’C Up to and above 1 in 160,000 dilutions it practically 
produced no effect on the heart In dilution of 1 in 50,000 there was a marked mcrease in the 
amplitude of contraction but the frequency of heart was increased only for a short time, roughly 
for about 1 mmute The increase m the amphtude of contraction used to last for a fauly 
long time, in some cases even exceeding 5 minutes (Graph 4) The outflow of blood through 
the coronaries as studied from the total output from the cut pulmonary artery was reduced 
steadily In one case it was reduced from 30 c c per mmute to 24 c c within 2 minutes and 
in 5 rmnutes it was reduced to 12 c c per minute When bigger doses were given to this 
heart the coronary outflow was still further reduced and the heart became irregular and 
ultimately the ventncles failed to respond to every beat of the auricles, thus mducing 
a condition of heart-block The irregularity of the heart observed with this bitter principle 
disappeared after admimstration of atropine Lurther, it was observed that on adimmstra- 
tion of smaller doses of this bitter pnnciple after injection of atropine, the heart showed 
practically the same mcrease m the amphtude of contraction, thus showmg that the muscular 
action *^of the bitter prmciple on the heart with smaller doses overshadows the vagal effects 
of the drug 
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Gnj-pn 1 — Fonialo cat, 2 'JiO 2 iirctbanc Mjcc-inljogniphir trncmgs (upper nuncle and lower ventricle) 
and carotid blood pres-'Urc Domistrokcs n stole and upstrokes diastole bhotvs the effects of injection of 0 1 
mg of the bitter principle of Sccunycrn scciirulaca per kJo bodv weight At second arrow 1 mg of atropmo 
was given intravenouslv and the effects shown after 5 minutes Time, 0 seconds 

Giurn 2 — Male cat 3 350 g urethane Carotid blood pressure Shows the effect of mjection of OilTS 
mg of the bitter principle of Sfcunjcra «cc«ridaca per kdo bod\ aseight Time C seconds 

Gbape 2-a — Male cat 2 710 g urethane Carotid blood pressure Shows the effect of mjection of 0 12 
mg of the bitter principle of Sccung^'ra sccurtdaca per kdo bodj weight Tunc, 0 seconds 

Grape 3 — Male cat 2,S70 g spmal preparation M\ ocardiographic traemgs (upper auncle and lower 
ventricle) and carotid blood pressure Downstrokes s\ stole and upstrokes diastole Shows the effect of mjec 
tion of 0 1 mg of the bitter pnneiple of Secungcra eccundaea per kdo bodv weight Time, G seconds 



Grape 4 — ^Perfusion of isolated heart of kitten Downstrokes svstole and upstrokes diastole Shows the 
effect of 1 m 60 000 solution of hitter principle of Secungtra eeciindaca At second arrow atropme was 
added to the perfusion fluid Time 3 seconds 

Grape 5-a, 6, c, d — ^Male cat 2 SoO g spinal preparation a b and c show the effects on blood pressure of 
mjection of 0 f4 mg of the bitter prmcipfe of Sccangcra eeeundaca wr kdo body weight, before mjection 
of ergotorme sufficient to paralyse the vasomotor nen e-endmgs d shows the effect of the same dose 
of the bitter prmciple after ergotomne Intervals between a, b and c are G mmutes each Tune, 6 seconds 
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Effect on-the volume of organs — The volumes of the spleen and kidney were reduced on 
mtra venous injection of the drug which corresponded with thense of blood-pressure 

Discussion 

The^bitter principle produced its pressor efiect by acting partly on the sympathetic and 
partly on the plam muscle of the blood vessels The augmentation of the heart-beat observed 
in the myocardiograph experiments and in the isolated hearts also greatly contributed to the 
rise of blood-pressure The reduction of the coronary outflow which accompamed the augmen- 
tation of the heart-beat with transient acceleration or without any acceleration at all can only 
be explained by the direct stimulant action of the drug on the muscle overshadowmg the effect 
of stimulation of the sympathetic 

The fall of blood-pressure and slowing of the rate of the heart observed with the bitter 
prmciple in bigger doses on animals anaesthetized with urethane and in the decerebrated ammals 
and its absence in cats which had been given sufficient doses of atropme to paralyse the 
parasympathetic endings pomted to its vagal ongm The cardiac musculature was never 
depressed and the experiments with volume changes in organs showed no signs of ddatation 
of the blood vessels Further, the complete disappearance of the depressor effect m the spmal 
animals conclusively showed that the depression was due to stimulation of the vagal centre 
in the medulla 

The isolated heart fed through the coronaries showed that m bigger doses the heart became 
irregular and a condition of heart-block was induced It is known that on stimulation of vagus 
various effects are produced which are chiefly due to the difference in the place affected "WTien 
the fibres of the vagus which are distributed to the remams of the smus are stimulated we get 
a slowing which affects the whole heart, whereas when those fibres which supply the A V bundle 
are stimulated its most pronounced effect will be on the propagation of the excitatory process 
from the auricles to the ventricles and a condition of block w'lll be produced The heart-block 
that was induced with bigger doses of the bitter prmciple in the isolated heart is thus attnbu- 
table to the excitation of vagal fibres distributed to the A V bundle 

From a study of the effects on the cuculatory system observed with this bitter prmciple, 
one can easily understand that a principle which has such a pronounced effect on the circula- 
P^tion will produce some symptoms or other with adequate doses 

Summary and conclusions 

1 The bitter prmciple isolated from Secungera secundoca produces its pressor effect on 
cuculation by its duect action on the cardiac musculatiue and plam muscle of the blood vessels 
and also partly by its action on the sympathetic nerve-endmgs 

2 The fall of blood-pressure observed with bigger doses of the bitter prmciple is due to 
the stimulation of the vagal centre m the medulla 
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Iv spite of the popular use of 7?flHjrof/rfl scrjicnfma m Bibar and the United Provinces 
as n sedative renicd} for insanity (Pngal-ki-dawai), the hypnotic effect of the dmg ivas 
not known to the ancient A}*imedic medicine Chopra ct al (1933) obtamed depression of 
the central nertous system in both poikilothcrm and homceotherra ammals from ajmaline, 
the only alkaloid that v ns isolated at that time from the plant Smee then an alcoholic extract 
of the root has been used b) the senior authors at the Carmichael Hospital for Tropical 
Diseases, Calcutta, as a sedatne drug in essential hypertension and insamty but the prmciple 
or pnnciples responsible for this action were not defimtely known Besides ajmaline, two 
more alkaloids, serpentine and serpenlinine, were isolated by Siddiqm and Siddiqui (1932) A 
comparatii e study of the relative toxicity of all the three alkaloids was made by Chopra 
and ChakraAarti (1941) which revealed that neither ajmaline nor serpentine pTodneed any 
sedato e eSect on the central nenmus system of white rats , they were, on the contrary, 
powerful convulsant poisons Scrpcntinine, however, behaved like a mild depressant to 
the central nerv ous system in a certam number of experiments These discordant findin gs 
of the chmc and the laboratory made us review the problem on a wider expenmentel 
basis with a \uew to ascertain whether the plant possessed any hypnotic pnnciple at all 
and, if so, what its probable nature could be 


Experimental, 

Investigations were earned out on albmo rats between 100 g and 160 g of body-weight 
Different pnnciples of Ramcoljia serpentina in a constant volume of liqmd were mjected mtra- 
pentoneally to the ammals which were kept at a temperature of 30°C dunng experimenta- 
tion and protected from such stimuh as were capable of excitmg or depressmg the central 
nervous system 

1 Action of the isolated alkaloids — ^By usmg graded doses of the hydiochlondes of 
ajmaline, serpentine and serpenlinine, it was observed that the maximum tolerated dose {mid) 
and the minimum lethal dose {m Id) for serpentine were 0 07 mg and 0 1 mg respectively 
per gramme body-weight of the ammal, whereas the same for ajmaline and serpenlinine were 
on an average 0 1 mg and 0 12 mg respectively The margin of safety was therefore low 
with these alkaloids and all of them behaved like convulsant poisons including serpenlinine 
which was found to be a mild depressant by Chopra and Chakravarti {loc cut ) The 
combmed action of ajmaline, serpentine and serpentimne in proportions present m the plant 
1 e 0 1 per cent, 0 08 per cent and 0 08 per cent respectively, was also found to be stimulant' 
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I The effect of m I d of these alkaloids was as follows If or half an hour after injection tlie 

animals remained relatively quiet This was followed by signs of motor excitabdity, twitching, 

' restlessness, dome convulsions and elevation of rectal temperature by 1°C to 2°C This stage 
lasted for 20 to 30 mmutes and was followed by either a gradual recovery or fatal cnsis In 
fatal cases symptoms of anoxaemia, such as qmck respiration, air-hunger, staggenng, confusion, 
unconsciousness, respiratory failure and, finally, heart failure, were noticed At autopsy, the 
' right heart was found to be congested and dilated The action resembled that of a medullary 
stimulant 

2 Action of the alcoholic extiact — Calculated in terms of the total alkaloidal content, 
the m t d and the mid for the extracts ol-^Rauwolfia serpentina were found to be 0 05 mg 
and 0 07 mg respectively per gramme body-weight of the animal Symptoms appeared m 
' the followmg sequence 10 to 15 mmutes after the administration of the extract the ammals 
became somnolent and restful, breathing was deep but slow, corneal reflexes sluggish, and 
rectal temperature reduced by 1 to 2°C In some cases even narcosis occurred and the 
ammals slept mto death within an hour of administration of higher doses The quantity of 
alcohol contained in the extract did not produce any effect in the control animals 
Dose for dose the Bihar sample showed slightly greater hypnotic effect than the Dehra Dun 
variety of Rauwoljia, for this latter m I d was found to be 0 08 mg per gramme weight 
of the ammal 

^ 3 Action of the total alkaloids — The hydrochlorides of the total alkaloids obtained from 

c above-mentioned varieties of Rauwoljia serpentina showed hypnotic effect and the 
' t d and mid were found to be 0 05 mg and 0 08 mg per gramme body-weight The 
'' I vv of onset of drowsmess corresponded with the size of the doses utihzed It occurred withm 
16 mmutes of the mjection of a 0 05 mg per gramme body- weight dose and withm 10 min utes 
) when the dose was increased to 0 06 mg Neither narcosis nor death was produced Narcosis, 
however, was obtained with 0 8 mg /g dose and the rats went into deep hypnosis within 7 to 8 
mmutes of the admimstration of the drug, followed by unconsciousness, coma and death The 
..^duration of hypnosis varied from 1 to 2 hours No great difference m the actmty of the total 
'~^^^aloids of the two varieties of Rauwolfia could be elicited but the hypnosis produced by the 
^•jl'^al alkaloids from the Bihar sample of Rauwolfia was found to be more prolonged 
^^is interestmg to note that the natural total alkaloids behaved very differently from the 
"laboratory mixture of ajmaline, seipentino and seipentimne, suggestmg that the former should 
contain some other additional principle which produced sedative effect m spite of the 
stimulating properties of the latter combination 

4 Action of the total alkaloids free from ajmabne, serpentme and serpentimne — The 
elinunation of the convulsant principles from the total alkaloids of Rauivolfia was attempted 
in the Department of Chemistry, School of Tropical Medicme, Calcutta, with a new to 
separate the sedative fraction from its physiological antagonists and thereby obtain increased 
hypnotic effect with the remaining portion of the total alkaloids The new fraction provoked 
hypnosis m 0 05 mg to 0 08 mg per gramme body-iveight doses but failed to elicit any 
superior effect 

5 Physiological i elationshi]] betiveen Rauwolfia and picrotovm — The stimulating and 
the depressing principles of Rauivolfia aj)-peaied to be medullary poisons Their effects were 
therefore tested against a known medullary poison, such as gncrotoxin, with a view to ascertain 
the synergistic or antagonistic effect of the principles ms-d-ms this potent medullary stimulant 
and thus to And out then probable site of action It was observed that both the extract and 
the total alkaloids were capable of dimimshing considerably the convulsant action oipicrotoxin 
Under their influence the convulsant dose of picrotoxin was nearly doubled and the latent 
period for convulsion prolonged Similarly, the convulsant action of picrotoxin with 0 02 mg 
per gramme body-weight could be effectively controlled by 0 05 mg per gramme of the 
extract or of the total alkaloids and hypnosis induced in place of cdmnilsion and agitation 
The isolated alkaloids — ajmaline, set penline and serpentimne — ^produced additive effects with 

picrotoxin 
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'I'AnLi-' 

hhouinq aclion of the diffcrod frachons of Dchra Dun (ind Bihar varieties 
of Kain\ol(]a serpentina la albino rats 
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Discussion 

¥rom the 8tud> of the diSercut principles of R serpentina, it appears that none of the 
isolated alkaloids — ajniahnc serpentine and scrpentinine — possesses any sedative properties 
They are, on the contrarj’’, niedullnry excitants and produce agitation, comnilsion and accelera- 
tion of themiogenesis In toxic doses signs of inco ordination, anoxaimia and respiratory 
failure occur Serpentine is probably the most toxic of the three alkaloids and its m I d 
corresponds mth the in I d ol ajniahvc and scrpentinine This confirms the finding of Chopra 
and Chakraaarti (loc ext) 

The sedative and h3T)notic properties are, however, present in the alcoholic extract and 
m the total alkaloids obtained from both the varieties of Raineolfia, and drovsmess, narcosis 
and a fall in the rectal temperature are elicited b} them It follows, therefore, that this 
prmciple might be of an alkaloidal nature and different from those already known Faihng 
to isolate this pnnciple chenucally an attempt was made to eliminate the convulsant principles 
from the total alkaloids The, remaimng fraction show ed b}"pnotic effect though not in 
doses smaller than 0 05 mg per gramme bod) -v eight of the ammal It is, however, doubtful 
whether the ehmmation of the alkaloids ahead} referred to, was practicable at the present 
stage without underminmg the action of the remaming fraction of the total alkaloids 
contaimng the hypnotic principle The h}'pnotic prmciple acted antagomsticaUy to the 
medullary stimulation of pierotoxin It would, therefore, appear that this new prmciple 
acts as a medullar} depressant, whereas ajmahne, serpentine and serpenlinine stimulate 
the medulla and its respiratory centre They also act on the vasomotor centre as 
previously reported by the authors (Chopra el al , 1942) It is therefore erident that 
most of the active prmciples of Ramvolfia serpentina are medullary poisons, some stimulat- 
ing, while others depressmg the centres 

COKCLUSIONS 

1 The alkaloids ajmahiie, serpentine and serpentimne of Ramcolfia serpentina are 
medullary stimulants and provoke convulsion and anoxsemia 
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2 The sedative and hypnotic properties are present mainly in the alcoholic extract, 
and in the total alkaloids and in the total alkaloids free from ajmahne, serpentine and 
serpentimne 

3 The hypnotic prmciple antagomzes the medullary stimulation of jncrotoxin and 
has depressant action on' the medullary centres 
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The subject of hicmolytic anrcmins bns received its due share of attention during the 
general ads ance of the list decade in our knowledge of blood disease , to daj^ sre has e accurate 
descnption of man} hfcmolsi:ic sjuidronies The svork of Ponder, Haden, Bergenhem, and 
Fahreus, amongst others, has helped to cvplain the mechanism of erythroljsis under normal 
conditions md m certain pathological states, particular!} congemtal hcemolytic icterus 
(acholunc jaundice) 

E\penmental hsemolytic anscmia in animals brought about by the injection of hetero- 
phihc hffimolytic serum has been produced many times Belfanti and Carbone were 
apparently the first to carry out this experiment, as early as 1898 (Dameshek and Schsvartz, 
1938) Most of the earher work was more concerned snth the theones of immunity 
than svith htematology The ms estigations of truly hairaatological interest were those 
of Dudgeon, Panton and Ross (1909) confirmed by Muir and McNee (1912), which 
demonstated that large doses of heterophihc haemol^c serum produced haemoglobmsemia 
and hsemoglobmuna, whereas small doses produced nucleated red cells and microcytes, 
and that of Banti (1913) who showed that there are two phases of experimental 
hsemolytic antenna (t) Jusmolytic, characterized by diminution m red ceD count and 
htemoglobm, and (ti) regenerative, characterized by the presence of large numbers of 
reticulocytes Banti (loc at ) also demonstrated that there was mcreased fragihty of the 
red cells, during the progress of the aneemia, but regarded this as development of special 
‘ fragilizmg ’ activity of the organism 

In recent years, Dameshek and Schwartz {loc at) have studied the changes 
produced m the erythrocytes m the gmnea-pig injected with varymg doses of anti- 
gumea-pig-cell haemolytic serum By varymg the dosage of haemolysm, vanous types 
of haemolytic syndrome were produced The red cells of the gumea-pig became spherocytic 
with mcreased fragihty to hypotomc sodium chloride solution These workers produced 
spherocytosis, mcreased erythrocyte fragihty, reticulocytosis and a ‘ pseudomacrocytic ’ 
blood picture m the course of their experiments Besides this experiment they 
showed (Dameshek and Schwartz, loc at) the presence of isohEemolysms of the immune- 
body type in the serum of three of them cases of acute hsemolytic anaemia They 
concluded that all haemolytic syndromes are due to haemolysms possibly of different types 
^d present m different amounts, functionmg slouly m some cases, violently m others 
Haden (1939), however, comments, ‘ These obsenmtions only show that spherocytosis 
^n be acquired It is very doubtful whether they have any apphcation m congemtal 
hfemolytic icterus The spherocytosis evidently results here from reaction of the cell 
to mjury by haemolysm 
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I’m: PRLSEtJT iNVLSl’lGATlON 

produced by tile action of li,"nfoh™™ "'urnMilrt’ of'’^ /urtier these changes in tlieredt* 
fei er and as a preliminary iiicasi lo to Icstimr i" ’‘'"i-’ ° °f Wackirato 

... vim The monkey « as clioseii ,s ? a as er, f properha 

scale of evolution , also beeausT oLutmL S iZ asncllasialli, 
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haemolytic sera of good titre could ho L ^ ^ ^ monkey Anti-monkey cell 
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1 Fr]}rrnnii)l tnmq hrij( <ln<;r of hfrinoli/^ni 

Til (Ills c\|HTiiiiciit I siiii'li’ 1 iriio ilos( of mil !iionlvC\ ( cll lucl^ol^tIc scniin (100 i\rHD 

to (lie nioiilans The seniiii ^\a3 adininistercd 


GuArn A 


Monlcy A 





to too Min')) w IS ouoii iiitri\eiioiisl\ 
undiluted The cfTett on (he iiiouke\s w is 
noted and (he urine re]icitcdl\ examined 
jnrtieularh for ha'iiioplohmiirn hixauiina- 
hons wore cirried out before giMU" the 
injection about 1 hours ifter (lie injeition 
next dn then dail\ for a few dn\s and, later 
at lonsjer mtenals 

The intnxenou« injection of tlic ha'iiioK- 
sin produced a ‘seierc reaction in the monkeis 
There was marked wcikness and prostration 
The nionkexs lax on the floor of the caoe as if 
thev xvere sonousK ill One of the monkexs 
had attacks of xoiniting The urine that was 
passed xvas higblx coloured On examination 
itwis found that there xxas ha'inoglobinuna 
no granular casts or red cells were present 
The prostration and hremoglolunurin jiersistcd 
for the XX hole dax On the next dux the 
nionkcx s looked more normal and the urine xxas 
clear and frefe from h'ciiioglobin The usual 
bxchness xxas regained in the next 2 or 3 
davs though the blood picture indicxted 
progressix e anfemia Tiie monkcx s xvere kept 
on a good diet consisting of gram bananas 
carrots green x egctables, etc , all through the 
experiment 

BJood pciurc (sec Tables A and B and 
Graphs A and B) — TJic percentage of hremo- 
globin and the red cell count progressix el} 
came down sexerely up to about the 5th or 
Gth da} after injection, when a reticuIoc}'te 
‘ crisis ’ occurred and then both hieinoglobin 
and red cell count went up progressix el} , until 
m about a month from the da) of injection 
they reached the previous level The reti- 
culocytes showed a slight rise from the 2nd 
or 3rd day, the ‘ crisis ’ bemg reached about 
oth to 6th day The percentage of reti- 
culocxdes then gradually came down The 
mean corpuscular volume also dimimshed for 
the first 3 or 4 days then, as the reticulocytes 
gradually mcreased to reach the cnsis, the 
mean cell volume also mcreased markedly to a 
level often above that of normal monkeys In 
the course of the next fortmght the MCV slowly 
dmumshed so as to reach the normal level 
about the end of this period Inspection of 
the blood smear from day to day showed 
S marked microcytosis during the first 3 or 4 days, thereafter two types of 

cells could easily be made out, one the microcytes deep-staimng and circular m outline 
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and the other large cells, the macroc^ tes, more irregular in outline (w Plate I W P 
and 3) The proportion of the cells varied from day to day ’ ° ’ 
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The study of the senes o! 
the Pnce-Jones’ curves (la 
Figs I and II) of the moiAejs’ 
red cells during the ivlitfe 
penod gave a clearer idea 
regarding these changes in tk 
red cells The exact chacgb 
that took place from day to day 
in two expenmental monheTS 
are given in detail belovr ib 
also under the heading ‘ Statis 
tical Analysis ’ 

The fragihty of the ifd 
cells to hypotonic saline u 
creases sharply during the day 
the hffimolysin is admmisteied 
The blood collected 4 horns 
after injection of hjemolvaui 
shows a raarked increase o! 
fragility (commencement of 
haemolysis 0 64 ^per cent from 
0 46 per cent and 0 62 j® 
cent from 0 38 per cent sodium 
chloride) The -mcrease m 
fragihty persisted for the first 
4 or 6 days — though it sloivly 
came down, eventually to 
below the ongmal level The 
cells then appear to be mor* 
resistant to hypotonic saline 
than previously for a time, 
but ultimately the fragihty 
reached the ‘ normal ’ level foi 
monkeys 

The mean corpuscular 
average thickness (MCAT) m 
creases sharply soon after the 
injection It usually 16111010 ® 
greater than the normal level 
dimng the first 4 to 6 daye, 
then it gradually comes down 
to a lev^ near about the on 
gmal value 

The van den Bergh test 
indicated a slight mcrease m 
biJirubm content on the day 
of the mjection, but after tha 
there is no indication of any 
increased haemolysis 


TTjpmn 1 V. increased haemolysis 

injection, but in no othS*Lbseq^ent sample of blood collected 4 hours after the 


sample 
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D?<fcws<;;o» — Tlic general conclusion ns to the cflfcct of the single large dose of hiemoljsm 
gl^cn lntr^^cnousl^ is ns follows There is production of nn ncute lircmoljdic cnsis sturting 
nlinost immcdintclj nftcr the injection of hfcnioh sin The severe prostration, htcnioglobimcmia, 
htcmoglohinuria, and nnicmia, indicntc this condition That there is a sudden 1) sis of a consider- 
able number of red cells is certain, though the blood count done immediately after may not 
show It, in all probability on account of certnm degree of compensatory haimoconcentrntion 
which IS mentable ns n result of the general reaction caused by the htemolysm The cnsis 
passes away by the next da-j, the nnreniia now becomes more apparent, and it is found that 
certain changes haa e taken place in the red cells The effect on the red cells appears to be that 
the cell diameter decrenses and the thickness incrcnses (spherocytosis), and there is an increase 
in framlity There is no recurrence of limmohtic phenomena, but the spherocytic character 
of the°cell8 remains, and the change in the cells seem to be progressive TJie cells not only 
promiessivclv dimmish in diameter but the mean cell a oliinic also decreases It seems that the 
haimoh-sm not only makes the cells spheroc^dic but causes a shrinkage of the cells day by day 
This fact (i e that the cells shrink in a olunie) is against the conception of Ponder that the red 
cell en\ elope is plastic but not elastic (Hadcn, loc cit ) 

The other explanation of the progressne fall of MCV and the MCD that suggests itself is 
that the cells of larger i olumc and diameter are destroy ed earlier than the smaller cells 

We bar e already seen that the effect of the hrenioly sin on the existing cells of the monkey 
is to make them all sphcrocy'tic The cells that sumve the acute haimolytic crisis are smaller 
in volume ns well as in diameter If this is because the cells wath a larger MCV and MCD 
are renim ed first, it is difficult to explain why larger cells should be destroyed earlier than the 
smaller cells E\ entually, all the spherocytic cells are slow ly but surely lysed and after about 
three weeks no spherocydic cell remains 

The new cells make their appearance from the ffrd day after the acute hfcmolytic crisis , 
these cells are larger than the normal cells of the monkey, both in \ olume and diameter 
The appearance of these larger cells m the circulation is associated with a nse m the MCV, the 
MCD, and the reticulocyte curves From Plate I, fig 4, it will be seen that the new 
larger cells are actually reticulocytes 

As the new cells are being formed, the proportion of spheroeytes to new eells undergoes a 
stnlong but readdy understandable change At first, 100 per cent of the eeUs are spherocydes, 
the new cells bemg entirely absent , then the proportion of new cells gradually increases, arntd 
at the end of about three weeks no more spheroeytes are left and only the new cells are seen 
The spheroeytes have a smaller diameter and the diameters form a symmetneal distnbution 
curve The new cells are at first very irregular in size (and shape), but are on the whole 
large, that is, both the mean diameter and its standard de^^atlon are large In the days 
following, the diameters of the new cells gradually assume a more uniform distabution and the 
mean diameter also comes down Ultimately, when only the new cells remain — the mean 
diameter and its standard deviation come down to within the normal range for the monkey 

In this experiment the increase of fragihty ran parallel to the mcrease in thickness of the 
cells , the more spherocytic the cell, the more fragde was it to hypotomc saline This bears 
out the experience of numerous observers regarding the mechanism of hasmolysis in acholunc 
jaundice (congemtal haemolytic icterus) or m the hypotomc heemolysis of normal cells (For 
review of current work, see Haden, loc at) ' 


n Expenment using repealed large doses of hcemolysin 

Here the monkey was given fairly large doses of hmmolysm repeatedly, the mjections beine 
given on consecutive days The first mj ection was a small dose (60 MED), the three subsequent 
injections were given on the next 3 days , the dosage on each occasion was 400 MHD mven 
intravenously undiluted The first mjection produced only a slight reaction, though hmmo- 
g obmuna was produced On the next 3 days, 400 MHD was given at about 11 a m and the 
blood was collected at 3 p m each day , aU three injections were followed by severe reactions 
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hremoglobinremin, nnrl hrcmoglobinnna The injections "nerc rliscontiniied nfter the third of 
this series as the iiionkc\ liad severe prostration and tlie urine a\ as niarhedlj hfcmoglohimme 

and scanty On tlie next 2 days, there n'as 
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sbght hfcmoglobinuna Tlie unne showed {k 
presence of alliunun, heemoglobin, and finely 
granular and hyaline casts The monkey was 
seriously ill , it developed severe diarrhoea, waa 
markedly anaemic, and could hardly niore 
Twenty-five c c of 25 per cent glucose wm 
given intravenously Two days later tb 
monkey died A post-mortem exarmnation 
was made 

Blood changes {see Table C and Graph C)- 
Tbe haemoglobin and red cell count dropped 
extremely rapidly durmg the few days tk 
monkey 8ur\uved Hsemoglobm came down 
from 13 76 g to 4 8125 g per cent and tk 
red cells from 6 02 nnlhons to 2 22 milhons in 
4 days Slight reticulocytosis was noticed on i 
the 3rd day after the first injection of 400 
hfHD of hmmolysm The mean corpiiscnlai ] 
volume decreased progressively m the course 
of the 4 days The mean cell diameter came 
down very rapidly (7 02/i to 5 32/^) and / 
thickness increased from 1 9/x to 2 9^ m these 
4 day 8 , and the fragility (commencement ot 
hcemoly'sis) mcreased from 0 46 per cent to n 
maximum 0 64 per cent The van den Betg 
test showed a marked rise of bilirnbm conteu 
of plasma from 0 2 mg to 4 mg per cent 

Besvlt of fost-morieyn examtnahon — 
found that there was fibrinous pleurisy of both 
lungs The heart showed no abnormality 
The gaU-blndder was full of dark inspissated 
bile There was one small localized abscMS 
m the left kidney— the smear of pus show 
Gram-negative bacilh Tlie urine m the bla c 
was quite clear and there was no hsemog o 'O 
in it The bone-marrow in the shaft of 
long bones was red m colour A smear row 
the marroiv Showed excess of erythropoie 
cells 

‘ Histological Notes ’ — by N V 
Bhabubi, ii sc , m b 

Aidne?/ — This organ shows well-marked 
degenerative changes which are notice J 
most of the tubules In a few of the 
there is seen a slight serous exudate 
Bowman’s capsule The capillaries o 

•f 1 _ 1 _ — in mflTiV I 


glomerulus are not congested and in 

appear to have undergone shrinkage {i efliect of the fixative) There is no leucocytic innltrati 
m the exudate within the capsule, nor m the capillaries Most of the convoluted tu n 
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Fig 2 Tivo dairs after injection. 
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Tig 3 At the height of regeneration. 
26th March, 1942 
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Fig 4 Ketiouloeytea stained 



Plate IT 



Fig 1 Section of the kidney showing changes in 
the glomeruh and convoluted tubules 



Fig 2 Section of the kidney showing tubules filled 
with granular debns 



Fig 3 Section of hver showing degenerative changes 
in the parenchyma cells around the central 
\ein of the lobule and dilated sinusoids 



snirouiuliiic the plomcruli ire filled ^\l(h pnmilir deposit , the lininp cells nre mostly under- 
"Oing gnnular clnnpcs and arc hroken do^Mi (^tr Plate II, figs 1 and 2) There is no 
mflaininatori reaction in or around these tulnilcs The ascending and descending tubules 
are also smnlarh iffected and some of these in the decjier parts of the organ are seen to 
he choked The whole jiutiire ajijicirs to be one of toxic degeneration wnthout signs of 
inflammition and Innited to the tubules 

lucr — In this organ the cells inostU affected arc those around the central aeins of the 
lobule These cells ire undergoing fattN changes and nre often \acuolated and broken down 
The sinusoids between the strands of cells arc dilated The cells m the peripheral rone of the 
lobule arc not so nuiih afTected thea show cloiicU swclhnc and nre stained more deeplj than 
the central ones There is no congestion or lcucoc^tlc infiltration (sec Plate 11, fig 3) 

Spleen — ^This orpin is \cr\ congcbtcd \round the prominent illalpighian corpuscles the 
blood spaces arc dilated and full of red blood cells These areas also show much deposit of 
punuent granules 

iiDKjv — The onl\ change noticed in this organ is that the \esicles nre not fully expanded 

Heart mnsch — Xo changes nre scon 

Bone-marrow — There appears to be some crathroblnstic reaction 

Disclssiov 

The repeated doses of ha3niol}sm injected into the monkc} produced a fulminatmg 
haimolvtic anfcmii with rejieatcd attacks of hamioglobinuria, seacre prostration, and a high 



bihiubin content of blood , so sea ere was the ansenua produced that a terminal secondary infec- 
lon supervened The degree of spherocytosis produced was remarkable and the cells became 
J, mb ( 81 ) 6 


extremely fragile , liasmolysis toolv place in 0 68 per cent sodium chloride The hone manow 
was not inactive , no sharp rise of reticulocytes occurred though a slight degree of reticulocytoas 
was evident The Price- Jones’ curves showed a marked day-to-day shift to the left (see Grapt 
D) Endence of slight new^ cell formation was present in the last three ounces 


SUMJIARV AND CONCLUSIONS 

The Tables and Graphs show very explicitly what occurs to the circulating red cells when 
a haemolytic serum is given intravenously 

A massive hcemolysis occurs this is followed by haimoglobinsenua and haimoglobimma 
The remammg blood cells are now markedly spheroGjiac These cells show increasing 
susceptibihty to hypotomc saline solutions, but apparently not to any great extent to 
normal haemolytic processes, since some of them survive for nearly three w eeks (against the 
normal life of four weeks of the monkey’s red cells) 

As these cells disappear from the circulation they are replaced by larger cells which 
are not spherocytic and wathstand hypotonic saline normally , these cells can he shown 
to be reticulocytes The reticulocy^s as they mature become reduced m diameter, 
so that eventually the Price-Jones’ curve is the same as before any hmmolytic semm 
was given 

After the action of the heemolysin the mean corpuscular volume (llICJ^) of the red cells is 
also reduced Thus, both the red cell diameters and volume are reduced , the explanation o 
this is not clear, and this pomt is discussed 

It would thus appear that though the hfe of the spherocyte may possibly be shorter 
than that of the normal cell, it caimot be considered that the assimiption of the spherocyhc 
shape IS an immediate prelude to normal haemolysis It suggests rather that, though tne 
assumption of the spherocytic shape may lead to intravascular dismtegration of the red 
cell, if the effect falls short of this, it does not materially shorten the life of the red cell A 
similar state of affaus exists in congemtal haemoljdic icterus, where removal of the spleen 
stops the mcreased rate of destruction -of red cells, but does not markedly affect the 
spherocytosis 

The obsen'^ation indicates that the mechamsm of excess haemolysis resultmg from injection 
of a haemolytic serum may be similar to the mechamsm of excessive blood destruction in 
congenital haemolytic anaemia (and possibly to that m biackwater fever), but is quite differen 
from that of physiological haemolysis 
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‘ Statistical Analysis ’ — by C Chandba Sekab, ji sc , ph d (Lond ) 

Inlioduchon — A cmsory glance at the distributions of the red blood cell diameters on 
different days, before and after the injection, given in Tables I-a and I-&, ivill shoiv clearly 
that considerable time has to elapse before the distnbution curve attains eqmhbrium and 
regains the location and shape it had before the monkey rras injected In the distinbM 
condition two features stand out (1) that the new cells formed a few days aftertne 
injection are imtially of much larger diameters than are common in monkeys, and (2) tna 
the cells existing before injection and formed subsequently by a gradual change whetner 
accompamed or not by difierential disintegration finally result in a normal distribution o 
the red blood ceU diameters The object of this note is to describe in quantitative terms 
the distribution curves m the different stages with a view to a better understanding o 
the changes in the red cell diameters following the injection 


The statistical ’problem 


Figures I and II give in the form of histograms the distribution curves of the red c 
diameters on different days for monkeys A and 7, respectively From the 4th day after t e 
injection for monkey A and the 3rd day after the injection for monkey 7, the histograms 
definitely show the distribution curves as bi-modal and this feature persists markedly till the 
14th day for monkey A and the 10th day for monkey 7 Smce of these two components it is 
not unlikely that one refers to the cells which were present before the injection and the otliM 
to those formed subsequently, the statistical problem is to resolve wherever possible t e 
distribution curves into its two components 


The problem of the decomposition of a frequency distribution into two or more components 
IS very old but a number of theoretical and practical difficulties have stood in the way o 
a satisfactory method of solution, of wide generahty, from bemg evolved Karl Pearson 
(1894) has given a method of decomposing asymmetrical and symmetrical distributions into 
two normal curves of error, and as a first step this method necessitates the deterrmnation of t e 
roots of a mnth degree equation Dr Rasch (in Mogensen, 1938) suggests a graphical metno 
of decomposing a Price- Jones’ cim^e into one mam component represented by a normal cunc 
of error and two minor components one on either side of this normal curve Though this 
rnethod has the ad\ antage of offering an easy practical solution it fails to give the confidence 
of a purely algebraical treatment 


Both the methods referred to above make assumptions concerning one or more of tlic 
componen s ut m discussing the distribution curves of the red cell diameters for monkeys 
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it IS difiicult to nnkc a piwn nin siali nssuinptions It is indeed not known if, ns in human 
bciiips e\en iionnnlh this cnr\e will take tlie form of n normal curve of error So some 
indicition of the ta'pe of cun cs winch would represent the shape of the tw o components is first 
necessarv and in case both hapjicn to he normil curies of error the method suggested by Karl 
Pearson (foe eit ) ma} bo used to de'-enbe them It would certainly be worth wdiile devising 
e.isicr methods of describing qiiantitatn cU the two components, whether the) happen to 
he normal ciincs of error or not _ 


i\Irllio<l u<;cd ill dr<inibt>i(f (Ik di’ilnbiittov curies 

Pearson found th it c\ eii if a distribution curie follow s a smooth symmetrical or asymmetri- 
cal distnbiition the dita represented bi it need not be homogeneous and he was successful in 
dividing up such smooth curios into two components Such decompositions of even smooth 
frequenci distributions of the red cell diameters inai be of theoretical interest, but for the 
problem under ini cstigation it appeared good enough to assume that the cells with diameters 
represented hi smooth curies prefcrabli of the Pearsonmn tjqie (Elderton, 1938), were 
homogeneous Therefore e\cc])t when a single smooth curie failed to fit the data or when 
the hi modal nature of the distribution was obi ions, there was no need to resoli c the data 
into tivo components 

The process of decomposition of cuncs maj be dnided into two stages — 

(1) Specification of the tiTic of curies by which the components are to be 

represented 

(2) Estimation of the relatiie frequencies in the two components and of the parameters 

for the difTcreiit cuncs 

To get an idea of the types of cun cs representing the components purely by algebraic 
methods is eytremeli difficult and so the following procedure was adopted By dimwing 
smooth cuncs oicr the histograms in Figs I and II an attempt was made to find out if the 
distributions were um-modal or bi-modal If bi modal these smooth cunms were used m 
dividing up the cell diameters into two distributions, each one referring to one of the 
components For each of these distributions, except when the frequency was small, 
a smooth cune was fitted by Pearson’s method of moments "Whenever two smooth 
cun es were draw n the fit of both the cun es to the original data was tested simultaneously 
b) applymg the x~ test The results of applymg the test are given m Tables D and 
E for monkeys A and 7 respectively and m general the curves give a good fit To facditate 
a Msnal impression of the degree to which the smooth curves fit the data, these curves 
are drawn oc er the lustograms in Figs I and II Since the fit is good enough it is 
reasonable to assume that the type of smooth curves obtained by the above procedure are 
adequate to represent the two components 

The next step was to estimate the relative frequencies of the components and the para- 
meters of the smooth cunms, startmg only with the simple assumption that the types of these 
smooth curves are as indicated by the firrt analysis In this commumcation the mvestigation 
has been carried only to the first stage, viz the specification of the type of curves descnbmg the 
components In the course of this work, however, results are obtained which give an approxi- 
mate solution to the mam problem, \uz an adequate descnption of the distnbution curves, and 
It has been considered useful to summarize the tentative conclusions drawn from these results 
It was expected that at a later date it would be possible to offer a more rigorous treatment 
of the data 

The relative frequencies, the mean, standard deviation and Pearsoman and ^2 (except 
when the frequencies m a component are few), of the components when the distnbution was 
msolved and of the total distnbution when it was not necessary to decompose it, are given m 
ables Il-a and II-6 for monkeys A and 7 respectively 
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Ddscnption of the distnbuhon curves — Monley A 

Before injection, 19-3-42 — The 600 cell diameters give a mean of 7 161^, a standard 
deviation of 0 3935/a and Pearsoman and Pz of 0 0102 and 3 6532 respectively Since 
IS small and ^2 greater than that of the normal curve of error it is to be expected that a 
Symmetrical curve with a greater cluster of values round the mean than m the normal curve 
of error with the same standard deviation represents the actual distnbution Such a curve, 
however, did not give a very good fit In order to get a better idea of the true distnbfition 
another 600 cell diameters were measured and a symmetncal curve of the type first fitted vraa 
again tned The fit "did not improve very much From the values of Pi and Pz for the 1,000 
cell diameters it seems that a shghtly asymmetncal curve with a larger number of values above 
the mean may give a better fit and such a curve is drawn over the histogram m Fig I (a) For 
practical purposes, however it is reasonable to take the distribution as symmetrical but 
having a greater peak than the normal curve of error 96 per cent of the cell diameters he 
between 6 876/a and 8 376/i 

After injection, 19-3-42 — ^After mjection the mean of 600 cell diameters drops down consi 
derably to 6 705/a The standard deviation is much the same as before the injection The 
value of Pi the index of asymmetry mcreases due to a shghtly longer tail for values below the 
mean but the distribution curve cannot be considered asymmetrical The shape of the nevr 
curve indicates that cell diameters become more uniform after the injection and a larger proper 
tion cluster round the mean Cells with much smaller diameter than was met with before 
injection now appear and about 0 7 per cent cells are below 6 675/a The standard deviation 
remaimng unchanged and Pz mcreasmg does not suggest that all cells had changed their 
diameters proportionately 

1st day after j,njeelion, 20-3-42 — The 500 cells give a Pi equal to 0 1776 showmg that the 
distribution curve is very asymmetrical It appears from the histograms that if only a few cells 
with higher diameters be removed the remaimng cells would prove symmetrical Seventeen 
values from the extreme right-hand tail of the curve were separated by inspection and a smooth 
symmetrical curve was fitted to the other 483 cell diameters The mean of this component is 
6 201/a and the standard deviation 0 424/a This curve is much fiatter than the ones after and 
before the mjection The mean of the 17 cells is 7 325/i and standard deviation 0 352/a It is 
indeed difficult to say if new cells had appeared and were responsible for the 17 values which 
were considered to be outside the mam component But the increase in reticulocytes seem 
to pomt towards this possibility 

A large number of cells with smaller diameters are now met with, about 8 8 per cent cells 
having diameters smaller than 6 676/a 

2nd dm/ — The histogram points to an abruptness for the higher cell diameters By m 
spection 472 cells were taken as formmg the main component This component has a mean 
5 671/a, is symmetncal but is more peaky than the curve on the previous day 21 8 per cent 
cells have diameters below 5 375/a Though this symmetrical curve gives a very good fit to 
the 472 cell diameters, yet it is not impossible that such a fit could be obtained with the help 
of an asymmetrical curve fitted to all the 600 observations 

The mean of 28 cells forming the mmor component is 7 223/a and the standard deviation 
0 5400/a 

4/7i day — On this day the histograms clearly pomt to two components, the major one 
contaimng 406 cells The mean diameter of these cells is 5 609/a and the standard deviation 
0 4261/a The mmor component of 94 cells has a very high standard deviation of 0 9713/a and 
the cell diameters are also large Whereas no cell of diameter greater than 8 6/a was noticed 
on the 2nd day after the mjection, the mean of these 94 cells is 8 39/a and 4 6 per cent of the 
total number of cells have diameters greater than 9 125/a Evidently, this minor component 
is due to new cells 

5th, 6th and 7th days — For these 3 days the histograms show up clearly the two 
omponents The percentage of cells included m the component attributable to the new cells 
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IS 3G 0 on the Oth d u 50 '2 on llio Otli dn\ nnd 5S 1 on (lie 7th dnj 'I'his increase is consistent 
vnth the {jndinl incrci-JO noticed oirlicr 

The menus of tlic components on tlic left hnnd side on these 3 dnjs are 5 738^ 6 024;i 
nnd 5 S04/i Tlic mean on the 5th dn\ is higher Ih in the corresponding value on the 4th day 
nnd this difference is sicmficant Tins upward trend is mmntnincd also on the 6th day The 
incrcisc m menu dninetcr is not m confornnt\ with the decrease noticed earlier The mam 
reason fortius is flint on the 1th dna cells of \crv small diameters were found and m fact 13 7 
per cent of total cells had a diameter hclow 5 I25/t But on the 6th and 6th days such small 
dinmeters became rarer with the result that on the 6fh da\ 1 3 per cent nnd on the Gth day 
0 75 per cent cells ha\c diameters hclow 6 125/1 On the 7th day the mean is sigmficantly 
smaller than on the Gth dna This is not due to the presence of cells wuth very small 
diameters though the cells hccomc smaller and more uniform The slight tendency for more 
a alues abo\ c the mean present on the 5fh and Gth dn\s also disappears making the curve 
\era symmetrical 

Vs regards the component on the right hnnd side the tendency is for the values to cluster 
more near the mean nnd that is win the standard dcMntion dcLrcnses nnd shows an upward 
trend The new cells witlOargcr diameters arc formed in large numbers on the 5th and Gth 
davs as shown both In the large proportion of colls with higher diameters and the higher 
reticuloc\tc count "Wnicrcas, on the 1th daj oiiH 1 5 per cent cells had dinmeters greater than 
9125/1 this percentage was 0 1 on the 5th dna and 23 G on the Gth day It is not surpnsmg 
that the mean on the Gth daa is ns high ns 0 070/i On the 7th day cells of dinmeters greater 
than 10 0 become rare suggesting that the new cells gradually reduce in size 

llf/i, lith aiid 10/7/ dogs — ^Thc left hnnd component becomes smaller and smaller the 
proportion of frequencies in this component being 8 8 per cent on the 11th day, 7 6 per cent on 
the 14th day nnd 3 0 per cent on the 19th dnj The cell diameters in this component range 
from 5 25/1 to G 7o/i u]) to the 14th da} and from 5 50/i to 6 25/i on the 14th day The 
means for these components arc relatnclv constant on these da}8 being in the neighbour- 
hood of 5 95/1 

4itcr the 11th day the reticulocy te count goes dow n and the component on the nght-hand 
side shifts towards the left 5Vlicrcns 111 per cent of the cells were above 8 625/i on the 11th 
day, this percentage reduces to 1 7 on the 14th day nnd 0 72 per cent on the 19th day' The 
percentage of cells of this component liasang values below 6 626/i is 2 3 on the 11th day, 1 8 on 
the 14th day, and G 1 on the 1 9th day Towards the 19th day few'er values of larger diameters 
and more values of smaller diameters arc met with and this explains the mean falhng down to 
7 400/1 on the 19th day from 7 888/i on the 11th day The standard deviation goes dmvn and 
more cells cluster round the mean On the 19th day' the mean and standard deviation are 
greater than before the injection but the tendency is for the position and shape of this component 
to regain the form of the distribution cuiw'e before the injection 


of 


Descnptian of tlie distribtition curves — MonLey 7 

d)a(c of observation, 25 8-41 {before injection) — The first 600 cells measured give a mean 
7 451/1 and standard deviataon 0 4360/1 The value of J3i= 0 0330 does not suggest 
ssymmetry but the high value of VIZ 3 6218, indicates that the distnbution curve is more 

peaky than the normal curve A symmetrical Pearsoman curve does not give a good fit 
nother 500 cells were measured to get a better idea of the actual distribution and the 1,000 
ce s together mdicate the same type of curve as the one fitted previously The fit of such 
cun e IS not however satisfactory The reason for the bad fit is that m both cases the observed 
greater for cells with diameters 7 26/i and less for cells with diameters 7 75/i than 
•n. hy the curve Whatever may be the true distribution, it is expected that the mode 
e near the estimated mean of 1,000 cells, viz 7 3866/i 

mean drops down considerably to 6 591/x for the 600 cells The 
curve f shows a shght mcrease and the values of jSj and ^2 mdicate that a normal 

0 error would adequately desenbe the distribution curve Such a curve, however,' gives 
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a bad fit due to an excess of obsen^ations at 6 75/i and a defect at 6 Another 600 cells 
were measured, m view of the bad fit but the 1,000 cells gave exactly the same results as tie 
first lot of 600 

1st day — The major component has 482 cells with a mean of 6 1883;i and standard 
deviation 0 5842/i, The distribution curve also becomes flatter with a slight increase in tie 
proportion of cells with small diameters The minor component has a mean of 7 8055;t. 

2nd, 3?d and 4t7/ dmjs — The proportionate frequencies in the major component gradually 
decrease being 92 8 per cent on the 2nd day, 84 8 per cent on the 3rd day and 80 2 per cent 
on the 4th day The mean diameter for these components also gradually decrease and come 
down to 5 567/1. on the 4tli day 

On the 2nd day ^2 uicreases and the cells cluster more round the mean This tendency 
for the evemng up of the cell diameters is a\ ell accentuated till the 4th day 

The minor components have erratic distnbutions and on the 4th day cells with diameters 
as large as 9 0/x are noticed 

Wh and 8th days — The left-hand comjionent consists of 381 cells on the 6th day and 
165 cells on the 8th day The mean diameters of these components are respehtively 6 9921/i 
and 6 350/x These increases over the mean diameter on the 4th day are sigmficant and 
are due to the reduction of cells of small diameters "Whereas 113 per cent of the total number 
of cells were below 6 125 p on the 4th day, only 2 1 per cent were below the value on the 5th day 
and only 2 6 per cent were below 5 625jli on the 8th day 

More and more new cells with large diameters appear and the production of new cells 
appear to attain a maximum about the 7th or 8th day 

lOth, 12ih, 15th and I8th days — The left-hand component decreases in size 24 8 per cent 
of all cells being included in it on the 10th day, 10 0 per cent on the 12th day, 6 6 per cent on 
the 16th day and 2 6 per cent on the 18th day The mean diameter of this component decreases 
continuously, not due to smaller cells making their appearance but due to the larger cells gethng 
reduced This is shown by the standard deviation decreasing continuously 

The component due to the new cells has a mean diameter of 8 431/t, a standard denation of 
0 5531/i and a ^2 2 8520 on the 10th day This decrease in standard deviation and increase 

in j32 compared with their correspondmg values on the 8th day points to a greater clustering 
of values round the mean The decrease m mean is due to the absence of cells with very large 
diameters for as compared with 6 9 per cent of the total number of cells above 9 875/i on the 
8th day the corresponding percentage on the 10th day is only 0 3 The component on the 
right-hand side shifts to the left marked by a growing absence of cells with large diameters 
From the 10th to the 15th day the cells spread out with the result that on the 12tli day 
4 3 per cent and on the 15th day 12 7 of this component have cell diameters below 7 125/i 
On the 18th day also the same- tendency for a lateral shift to the left accompamed by an 
increase of the cells of smaller diameters and a decrease of cells with larger diameters can be 
noticed But now ^2 increases while the standard deviation slightly decreases showing that 
^ the shape of the curve is tendmg to the peaked form which the distribution curve nianifeste 
before the monkey was given the mjection 

Summary of changes in RBC diameters follovnng the injection — The distribution curves 
before injection are fairly S}'ninietrical but have a greater peak than the normal curve of error 
The mean diameters in the two monkeys are significantly different but the standard denations 
are of the same order 

Immediately after the injection the mean cell diameters fall considerably and in the case 
of monkey A there is a definite tendency for more cells to cluster round the mean Cells o 
diameters much smaller than were encountered before the injection make their appeara'nce 

On the 1st day after the injection the mean cell diameter falls much further but tho 
distribution cunes become much flatter and there is less of a cluster around the mean 

Up to the 4th dav the sizes of the mam component decrease slowly and the mean 
cel diameters of these components continue to go down These are brought out deary 
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m Fig<; in nnd TV It sliould bo obscncd lliit cells of \cry small diameters are now 
notiocable 


Fiourf III 

Graph thojnnq iJir projjnrhoa of old ecu'- 
oil tvnniis dapi after (he injection 



Day of Days passed after 
injection injection 


Figure IV 

Graph <ihoinitg tlw mean cell diameters of 
the old and new components 



Day of Days passed after 
injection injection 


On the 5th day the mean cell diameter of the component of the old cells increases slightly 
This IS not due to anj general increase in the sizes of the cells , on the contrarr the tendency 
IS for the cell diameters to decrease but the effect of this is offset by the elimination of cells 
of very small diameter and cells beloa SOOO^i are rare Increa*^ of mean cell diameter due 
to this cause is clearly noticeable in monhej 7 even on the 8th day 

From the 6th to the 8th daj new cells are being formed at a fast rate These cells are 
initifllli large and 'vaxj widely m size but after the 8th day the component of new cells shifts 
bodilj to the left and the mean cell diameter gradually becomes smaller Also the standard 
deviations decrease signifying that the cells are becoming more homogeneous in size 

After about the 18th day the old cells hai e nearly disappeared their rate of the disintegra- 
tion bemg very slow after the 10th day The mean cells diameter of the new cells even so 
many days after the mjection is higher than its value before the injection but the tendency is 
for the distribution to regam its origma! form and location 


Achmoledgmevt 

The heavy computational work involved m this investigation was wdhngly undertaken 
by Messrs K B Das Gupta and H P Chatterjee of the Section of Vital Statistics and 
Epidemiology of the All-India Institute of Hygiene and Public Health, Calcutta, and it is 
with pleasure that their assistance is acknowledged 


Seftrences 

Eujeetov, W Faun (1938) ‘Frequency enrres and correlation’, Cambridge 

TJmveraity Press 

Kael Peabsov (1894) Philos Trans Roy Soc , 185, 1, pp 71-110 

'looEssEs Ebik (1938) ‘ Stndiea on the sue of the r^ blood cells especially 

in some anreimaa Osdford University Press 
Chapter II, seo 3 (Rasck) 

{ 89 ) 



Table D 

Slmving the frequency distributions and the goodness of Jit of curves worked out to represent the distributions of BBC 



7 50 1 85 5 \ 0 14 I 



7 75 f 3S 5 j 08 1 



Table D — concld 

SMoinq the frequency distnbuhons and the goodness of fit of cuwes ivorked out to lepresent the distnbutions of BBC 

diameters on various days for monkey A 
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ON THE FExAGILITY OF ERYTHEOCYTES 

Part I 

IX lOPOTOXIC SALIXE 


RY 

A C ROY, xrsc, 

J}tocI^c)msl 

(I- row the School of Tropical Medicine Calcutta ) 

[UrcPixcd for imlilicntinn, October 29, 1042 ] 

Vn intcrcsfinp point in connection witli liioinohsis is tlic xaimtion in the resistance of 
entlirocxtcs ohtnincd from the different species of aniinals towards a particular hsemolysin 
Speciihtions in tins connection first arose wath reference to the contribution by E}'WOsch 
(I'tOT) 1x110 pointed out that the senes obtained b) ixTiting doini the names of eonimon labora- 
tor\ animals according to the order of resistanee of their erj throc}i:es to hypotomc sahne is 
]ust the reierse of that obtained bi ranging them according to then resistance to sapomn 
hacniolvsis This micrsc relation between the order of resistance to saponin and that to 
hvpotonic sahne sugecsted the possilnlin of the evistence of some factor which operates in 
one sense with respect to one R sm and in the rei erse sense wath respect to the other, and various 
suggestions were put fonxard as to the probable nature of that factor 

Port (1910) pointed out that the order of resistance to saponin for the red blood cells of 
different animalsVas the same as the order of their phosphoric acid contents Hober and Nast 
(1''14) and also Omhoxats (192G) accepted the idea that the factor determining resistance was 
phosphoric acid A'agi (1911) and also others haxe, on the other hand, contended that it was 
the cholesterol content of the cell which determined the resistance, but these various conten- 
tions do not seem to rest on a x or's sound footing On an examination of the figures for phos- 
phoric acid content of the red blood cells of different ammals ns gix en by Abderhalden (1895) 
and xvhich Port had used in support of his thesis, it is apparent that the greater content 
of phosphoric acid xxas associated with lower resistance to saponin All available information 
regarding the raechamsni of saponin haemolysis however, tends to show that sapomn enters 
into combination wnth some constituent of the cell If that be the case we should expect that 
the greater the amount of that cell component wnth which sapomn is supposed to combme, the 
more resistant would be the cell towards sapomn hmmolysis, as more of the sapomn will be 
nsed up before haemolysis takes place This is contrary to observed facts The same difficulty 
confronts us if we assume the cholesterol content to be the determming factor m regulatmg 
cell resistance Agam the resistance of corpuscles to haemolysis by hypotomc sahne solutions 
has been found to be mdependent of the cholesterol content of the corpuscles or plasma (Delas, 
1933 ^ 

Ponder (1926) considered that it was the protein constituent of the cell wall which deter- 
mmed resistance An exaiiunation of Abderhalden’s table no doubt show s that higher figmes 
tor protem content are associated with greater resistance of the respectixe cells towards 
sapomn haemolysis, but it is difficult to see m what manner the combmation of sapomn 
end protem is effected and ex en assunung that sapomn combined wnth the protein component 
of the cell membrane, it is not clear why greater protem content of the cell membrane should 
e associated xxnth lower resistance to hypotomc saline Ponder himself was not very happy 
s out his suggestions If there was any smgle factor, he thought, which deternuned the cell 
Instance xnth respect to sapomn m one direction and to hypotomc sahne m the reverse manner, 
s inverse relation should hold good for the erythrocytes of all ammals and not for the partic- 
ar ammals examined by Rywosch Ponder, Salsow and Yeager (1930) accordingly exarmned 
0 resistance of the cells of a number of animals both to sapomn and hypotomc sahne but no 
c ear mx erse relation could be established 
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Again Ponder and ]\IacLaclilan (1927) found that the order of resistance toiiards one lyfiin 
was not the same as that towards another and a different resistance senes occurred W each 
lysm examined From the above one would be constrained to assume that different l)8ins 
attack different constituents of the r b c or affect the same cell constituent in a different 
manner 

The resistance of the er\'throc}'tes towards cobra \cnom hamiolysis affords an extreme 
instance to the point Kyes (1910) determined the relative resistance of red blood cells of a 
nmnber of ammals to cobra venom heemolysis and the series obtained by this method runs almost 
parallel to the series obtained by Eywosch with respect to saponin, exceptmg that cells of certam 
ammals such as sheep, goat and ox which offer the greatest resistance to saponin hsemolyas are 
absolutely resistant to the action of cobra venom It is of interest in this connection to note 
that Faust believed the poisonous element of cobra venom to be a glucoside closely resembling 
sapotoxin The fact that certam cells are absolutely resistant towards a particular lysm does 
not fit in with the idea that the susceptibility of cells depends upon the presence of a parbcular 
cell component in greater or smaller amounts Such absolute resistance rather suggests the 
absence of a particular constituent or constituents either ?7i iolo or in an available form in the 
cells concerned Later, Ponder (1934) tned to get over this difficult} by supposing the cell 
components, or even the protein components alone to vary in nature from animal to 
ammal and that the compounds formed when these react wth different lysms are themselves 
different ‘ When enough of the compound is formed senii-permeability may be lost, hut 
the quantity which reqmres to be formed (and which measures the resistance of the cell) 
will clearly depend on the contribution ivhich the compound makes to the senn-permeahihty 
as a whole ’ 

It IS of course not very difficult to attribute the variation in the susceptibility of the red 
blood cells of different ammals towards a particular hmmolysm (other than hypotomc sahne) 
as being due to the combination of that lysm with a particular component of the cell and which 
varies m quahty, or quantity, or in both, mth the nature of the cell, but it is only when any 
relation is sought to be estabhshed beWeen such resistant series and that obtained in hypotomc 
salt solution, that real difficulty is experienced because the mechanism of hmmolysis m 
hypotomc sahne is of an entirely different nature, as m this case, we are not deahng with a 
process in which lysm is used up Judging from the light of evidence available, this mverse 
relation in the Rywosch series appears to be purely accidental This, however, leaves the 
question of the difference in fragilitv of red blood cells from different animals m hypotonic 
salme qmte unsettled 

Haemolysis in nypotomc sahne is commonly believed to be an osmotic phenomenon and as 
such, variations m the fragihty of corpuscles in this medium is to be attributed either to a 
difference m the osmotic pressure inside the cell or to a difference m the fragihty of the limiting 
membrane 

■\^Tiile comparmg the relative fragihty of the erythrocytes belonging to different 
species of ammals m hypotomc salme, it appeared to us that some erythrocytes known to 
be of very small size, such as those of sheep and goat, were very fragile, while others 
having bigger sizes, such as those of man, dog, etc , were far more resistant In t ® 
Table, the relative fragihty of erythrocytes of some conmion ammals and their respective 
average diameter as given in Hawk and Bergeim’s ‘ Practical physiological chemistry , 
10th ed , 1931, p 377, are compared 


Technique for determining fragihty 

Different amounts of distilled water and an accurate 1 per cent solution of NaCl are put m 
1 test-tubes as detailed in the Table and 0 1 c c of the blood is added to each of the 

u les e contents of the test-tubes are well mixed and these are then put m an incubator a 
ciuperature of 3< C for half an hour when readings are taken Readings are m many 
cases c ecked bv comparison wuth a colorimeter fitted with nucro-cups and plungers 
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From the Table it wmihl nppeir tlint the fra"lllt^ of the crj tlirocj tes of different species of 
aniiiiils gridinlh incrci'-es ns there is a diniiiiiition in tlic ^nluc of iheir mean diameter This 
relation IS not stricth proportional and in certain cases, as for instance, Math respect to the 
corpuscles of Iniffalo and o\ greater frigilit\ is found soiiictinies to be associated Math greater 
size of the cells and \ ice \ ersa The agreement Iiom c% er is as close ns can possibl} be expected, 
in MCM of the fact that sometimes there is an appreciable du crgcncc in the frngilit) of corpuscles 
of indnacliial aiuiiials belonging to the same species and also that the fragility test and the 
iiieisurcincnt of the cor])iiscular diameter More not done simiiltancously Math respect to the 
same animal but that the fngilitc tests cirned out Mitli respect to the erythrocytes of certain 
animals in India aicrc compared against the corpuscular diameter of animals of different breed 
and luang m a different part of the Morld The Table also shoMS very clearly the marked 
irrcgulnnta m the frambta of indnidunl cr>throc\tcs m a gnen specimen of blood, some being 
more fragile than the others Taking our obseracd rclnlion regarding the fragility and the 
size of the corpuscles to be correct tins irrcgulanta m frngihtj is an index of the irregularity 
in the size of cnthrocatcs cnmjiosing the blood and the proportion of cells of different sizes 
nia\ rongbh be asicrtimcd from tbc fnigiblc iigiircs 


Sv MM \U\ AM> COM 1 V slOXS 

1 V ])rclimmnr} m\cstigntion Mith an attempt to loirelatc the fragility and aaerage 
diameter of the c^\throc^tcs of sc\cral sjiccies of animals Mas earned out 

2 The fragiliti of ere throes tes liclonging to certain species of animals M'as foimd to vai) 
imersch as their aacrage diameter 

lYofc — Circumst inccs liaae proaented the continuance of this aaork and this preliminary 
obseraation onla is icported 
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SURFACE TENSION AND n/E]\IOLYSIS. 


BY 

A C ROY, Msc, 

Btochamsl 

{From (he Fchool of Tropical Medicine, Calcutta ) 

[Hcconcd fur publication, Kolmiar^ 17, 10-13] 

H 5MOI ^'Tlc sitb'tt'inccs nro of idch chlTercnt nature but some of the most ncti\ e amongst 
them hn^e one p^ope^1^ m common, m? thej cause an appreciable lowering of the surface 
tension of solutions Tliough the loucmig of surface tension is regarded as one of the most 
efiectne methods of breaking the stroiiia-hmmoglobin union, this property alone is not sufficient 
to explain all the obscr\ed facts and the thcmical nature of the substance also appears to be 
an important factor in this respect LiimiLrc and Rttif (1028) report that the most actne 
liTmobsms, such as saponin and he\al resorcinol in 1 in 20,000 dilutions, when mixed with 
guinea pig’s blood (dilution 1 in 'iO in ph\ siologicnl saline), gn\e solutions with a surface tension 
of Gj and 50 respectnch uhiic t^\o commercial products ‘ Nekal A E M ’ and ‘ Albont ’ m 
minimum htemoRtic concentrations of 1 in GOO and 1 in 250 respectively caused the 
surface tension to drop to 10 and 10 respectnch, much greater hmmolytic actnity being 
associated until Ingher surface tension Tliei conclude that there is no relation between the 
lowering of surface tension and hremoh'tic power Ponder (1924) also finds that the surface 
tension of saponin solutions uliicli cause appreciable haemolysis do not differ matenally from 
that of water [u in djmes for water = G5 G and that for saponin solution (1 m 60,000) = G3 4] 
It IS often suggested that the h'cnioh tic action of the soaps is due to the lowering of surface 
tension caused b) them Ponder (1924a) howcacr, could not find any defimte relation between 


Table I 


Saponw {Merck’s pure) — sheep’s rbc 5 per cent 


K 1 

1 

Scnal number 

1 

1 

Concentration of 
aaponm m 
thousands 

Time taken for complete 
hremolysis 

Surlhce tension 

1 

1 

1/1 

0' 

- 14' 

112 

2 

1/2 

0' 

- 17' 

114 

3 

1/4 

1' 

- 16' 

116 

4 

1/6 

2' 

- 8' 

116 

- 6 

1/0 

4' 

- 17' 

116 

0 

1/8 

16 

- 0 

116 

7 

1/10 

24 

- 0 

117 



Hromolysm 




2 hrs 

24 hrs 


8 

1/12 

95 per cent 

+ + + + + 

118 

9 

1/14 

90 , 

-J- 

123 

10 

1/10 

10 „ 


121 

11 

1/18 

10 , ,. 

+ + -{- + 4' 

121 

12 

1/20 

0 »t » 

80 per cent 

122 

13 

1/22 

— 

10 „ , 

123 

14 

1/24 

— 

0 >» t 

126 6 

16 

1/30 


s „ „ 

120 0 


B — iSnrface tension of distilled water under conditions m which these expenments 
were earned out vaned from 168 to 101 (direct reading on the dial) 

4**1“ “b "i"l~ Complete hamolysifl 

— No hiemolyais 


( 109 ) 




the concentration of soap solutions and the surface tension The surface tension was found 
almost the same for all concentrations above about 1 in 30,000 and thereafter becomes greater 
reachmg that of water at a concentration of about ] in 100,000 In spite of such isolated 
findmgs, there is still a strong general belief that surface tension is responsible for bnnging 
about heemolysiB in a large number of instances In ^^ew of the rather unsatisfactory state ot 
our knowledge regarding this point, this investigation was started for the purpose of ascertaining 
how far loweruig of surface tension is responsible for the action of some of the more well known 
hsemolytic agents The hamiolysis was determined according to the technique descnbed 
earher (Roy ^ al , 1940) Different concentrations of the lysin were allowed to act on 0 3 c c 
of washed 5 per cent sheep’s r b c the total volume of 1 c c being made up with sterile 
normal sahne The surface tension wms deterniined by means of du Nouy’s apparatus, duect 
readmgs from the dial being taken Surface tension and hamiolysis were determined 
simultaneously with respect to the same concentrations of the lysm and as far as possible 
at the same temperature 

Table I shows that though the time taken for complete haemolysis on the whole mcreases 
with the rise of surface tension of solutions, there is no proportionahty between the two In 
concentrations of from 1 in 4,000 to 1 in 8,000, there is a rise in time of complete htemolps 
from I'-lb" to 15'-0" but at all those concentrations the surface tension remains almost 
stationary Moreover, saponin solutions having concentrations of 1 in 1,000 to 1 in 2,000 
which cause almost immediate hmmolysis have surface tensions of 112 and 114 respec 
tively at which no haemolysis takes place in the case of other haemolysins This shows 
more or less conclusively that with respect to saponin at least surface tension is not the 
proximate cause for brmgmg about haemolysis 

Table II. 


Sodium glycocJiolate {Mercl’s) — sheep’s ihc 5 pet cent 


Serial number 

Fmal concentration 
of glycooholnto 

Time for complete 
h'emolysis 

Surface tension 

1 

1 

1/60 

12' - 40' 

96 6 

2 

1/100 

30' - 8' 

96 0 

3 

1/160 

43' - 18' 

96 0 

4 1 

1/200 

34' - 6' 

90 6 

5 

1/300 

37' - 48' 

94 5 

6 

1/400 

20' - 0' 

90 0 

7 

1/600 

20' — 46' 

91 0 

8 

1/800 i 

4' - 36' 

89 0 

9 

1/1,000 

2' - 67' 

87 6 

10 

1/1,200 

3' - 16' 

87 0 

11 

1/1,600 

6' - 36' 

86 0 

l2 

1/1,800 

9' - 40' 

86 0 

13 1 

1/2,000 

12' - 0' 

87 0 

14 

1/2,600 

37' - 0' 

92 6 

16 

1 1/3,000 

81' - 0' 

94 0 

IG 

1 1/6,000 

— (21 hours) 

106 0 


Sodium glycocholate is one of those substances which have abnormal time-dilution cu^^s 
for haemolysis From Table II it appears that the time taken for complete haemolysis at differ 
eiit dilutions gradually mcreases (with occasional irregularities) from 1 /50 dilution to abou 
1/300, then it gradually decreases again to a iiiiminum at about 1/1,000 and then mcreases 
again v ith higher dilutions of the 1) sin This maximum haemolytic action of the substance a 
about 1/1,000 dilution we haie repeatedly obsenmd and therefore the observations of Ponder 
(192_) to that effect are corroborated In contrast to this, the surface tension values do no 
s lov am wide lanations Through the whole range of dilutions from 1/50 to 1/3,000 where 
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the time for roiiiplete hmiiioKsm \nrics from nbout f minutes to 81 minutes the 
surfaee tension ^ allies fillet imte 1)\ oiiK eleien units So tint intli this salt also surface 
tension docs not seem to jihn am siittufic mt ]iart in bringing nbout luemol} sis, though 
its low 1 allies might be a contributor! fiitor in ])rctipitating Imnnohsis brought about 
hi sonic other iiieehanism (to be disciisscd elsewhere) 


Taiui hi 

Soihnm faurorhnhifi {I)ifio-~) — slirrp rbc 5 per ceiij 


S<rml nimilx r 

1 iinl ntnet iitmlinn 
of Nn t lurorliolnti 

) 

Time for enmjiUti 
ll 1 uioKbih 

1 

Siirfncc tension 

1 

1 

1 1/100 

1 

Inmudintc 

01 8 


1/1 SO 

Iinmcchale 

00 6 

a 

' 1/JOO 

0 - V 

86 5 

4 

i,a(Ki 

' 0' - IS' 

88 0 

5 

i/wo 

1 - S8' 

89 0 

fi 

1/700 

7' - SS' 

87 0 

7 

l/Wd 

10 - 0' 

80 6 

s 

1/1 ion 

11 - 0' 

84 0 

0 

1/1 son 

20 - 0' 

84 5 

10 

( 1/1 son 

4 SS — 0' (07 per cent) 

1 UK) — 0' (complete) 

SCO 

11 

1 1/2,000 

— (3 hours) 

i 

89 0 


^ile tins salt has a tvjucal time-dilution cune for hiemolysis, the vanation in 
surface tension is i cr> irregular and there is no relation whatsoever between the time 
for complete hnjinohsis and surface tension At a dilution of 1/100 when there is 
almost immediate hannoljsis the surface tension is 91 8, while at 1/2,000 where there 
IS no haimoUsis wnthin 3 hours the surface tension is 89 0 


Table IV 

Na-olca(c (MereJ's) — sheep’s rbc 5 per cent 


( 

Serial number ^ 

Final concentration 
of Na-olente ' 

1 

Time for complete 
hiemolj SIS 

' 

Surface tension 

1 

1 

1 

1/200 1 

!' * 

1 Immediate 

66 0 

2 

1/500 

0 - 17 ' 

64 8 

3 

1/1 000 

1 ' - 28 ' 

646 

4 

1/2 000 

6 ' — 0 ' 

648 

5 

1 / 4,000 

6 - 30 ' 

646 

0 

1 / 0,000 

0 ' - 0 ' 

65 8 

7 

1 / 8,000 

6 ' - 30 ' 

69 6 


1/10 000 * 1 

7 ' - 0 ' 

76 6 

9 ' 

1 / 16,000 ! 

18 ' — 0 ' 

80 6 

10 

i 1/20 000 

27 - 0 ' 

86 6 

11 

1/26 ooor 

60 — 0 ' 

87 0 

12 1 

1 / 30,000 

1 

SO per cent ' 

in 2 hours ' 

1 

96 6 


proDoi+i tension figures in this case are undoubtedly very low but there is no 

■v ariah ' anations in the time of complete haemolysis and the corresponding 

ons m surface tension The hamiolvtic behaviour of solutions of sodium oleate m relation 
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to tlieir surface tension also shows tliat tlie luoinolysis is lirought about by some mechanism 
other than the surface tension whicli plays only a secondary part in the process 


Table V 

Cydamn {M&cVs) — sheep's rh c b per cent 


Scrinl number 

Finnl conccntmtion 
of occlninm in 
thouRnnds 

Time for complete 
h'cmoljsis 

Surface tension 

1 

1/2 

Immcdinto 

1125 

2 1 

1/20 

0' - 6' 

130 0 

3 

1/40 

0' - IS' 

137 0 

4 

1/00 

0' - 35' 

141 S 

T) 

1/80 

1' - 12' 

137 0 

0 

1/100 

1' - 20' 

140 0 

7 

1/120 

1' - 50' 

142 5 

8 

1/140 

5' - S' 

14G0 

9 

1/100 

0' - 0' 

147 0 

10 

1/180 

S' - 40' 

148 0 

11 

1/200 

14' - 20' 

160 0 

12 

1/260 

53' — 0' 

160 0 

13 

1/300 

110' - 0' 

144 0 

14 

1/360 

SO per cent in 3 Iiours 

144 6 

16 

1/400 

60 per cent in 3 lioiirs 

166 0 

10 

1/600 

— (3 lionr-t) 

152 0 


Said to be the most active of all known hmraolytic agents, cyclaiuin yields a typica 
time-dilution curve The relatively lugh surface tension values however, even for those 
-concentrations which produce almost immediate hsemolysis and hsemolysis at great dilutions 
where the surface tensions approach that of distilled water, show conclusively wa 
surface tension does not play any significant part in the mechanism of haemolysis ine 
surface tension curve is somewhat regular up to a dilution of about 1 in 60,000 when 
the curve assumes an exceedingly irregular form 


Cobra venom 

That the haemolysis brought about by cobra venom has no relation whatsoever to the 
surface tension of the solutions is evident from the relatively high surface tension of a 1 m 2,0 
solution of cobra venom (130, du Nouy) which causes complete haemolysis of 3 per cent 
r b c m about | hour Though there is a significant drop in the surface tension as a result of the 
lysis of the susceptible corpuscles by cobra venom or when haemolysis takes place m the presence 
of lecithin, it does not appear to play any active part m the imtiation of the process of hcemolj^'s 
Moreover, with Bussell’s viper venom which is almost non-haemolytic, a 1 in 2,000 solution has 
about the same surface tension as that of cobra venom of the same strength 


Discussion. 

Though the lowering of surface tension is considered one of the most effective means of 
breaking the stroma-haemoglobin imion, with none -of the more well-known hceniolpic 
agents described above does surface tension appear to play any sigmficnnt part m determining 
Its haemolytic behaviour It is indeed doubtful whether surface tension ever tokes any 
in the initiation of the process of haemolysis, though it has a great modifying influence on 
the haemolysis primarily brought about by some other mechamsm For instance, when 
haemolysis is brought about lij a solution of one or more of the stroma components by tne 
lysin, ns in the case of cobra venom, bile salts, soaps (to be discussed elsewhere) haBmoysi® 
IS much (piitkcncd if the surface tension of the lysm is low as well Again, a rapid alteration 
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in surface fonsion of a suspension of r b c (either increase or decrease) when the corpuscles 
arc already damaged through the sohcnt action of the lysin on the cell constituents 
may result in acceleration of hmmoh sis 

SUMirARY A\D CO^CLUSIONS 

1 Scleral well-laioi\n hreniohtic agents, such ns sapomn, sodium glycocholnte, sodium 
taurocholate sodium olontc ciclamin and cobra aenom, were studied inth a view to find 
out if there vere ana correlation betaveen the luemola tic actmt} and the surface tension of 
the respcctiae solutions 

2 \\ith none of the luemola sins examined was surface tension found to play any 
effectiae part in the initiation of the process of liiDmolysis 

3 ■\\1iiie, broadla speaking, the loaaering of surface tension facilitates and its increase 
tends to retard hmmola sis the part plaa cd In surface tension anth respect to hremolysis is 
only a secondnra one and sometimes nn increased surface tension may be attended anth more 
rapid hremolasis 
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V.UU ABILITY IN BATES OE POPULATION CHANGE, WITH 
PEFERENCE TO INDIA, 18S1 TO 1931, AND 1941 
SOI\IE STATISTICiU, CONSIDERATIONS 


i}\ 


VRTIIim GEDDES 

{Front the Dcparlmcnt of Geography, University of Edinburgh) 
[Ucccivcd for publicntlon, 'Mny 1-1, 1D42 ] 

Introduction 


In considering the gcogmjilucal Insis of population changes in different regions of India 
and the manner in iihich change Ins taken place o\er a fairlv prolonged period, particnlarly 
the half cenhin from 1881 to 1931, certain statistical problems have presented themselves 
And, with a new census in India and in other lands, about to be published, the time seemed 
appropriate to present these notes for discussion Following an outline of the net changes 
found district by distnct in India from 1881 to 1931, the manner in which changes had 
occuned between these tvo dates, as checked by the four intervemng censuses, have been 
esanuned (Geddes, 1941) 


In India, striking contrasts arc to be seen on the one hand between all those regions, 
where fair standard of subsistence and health led to relatnc weU-bemg of their population 
and, in consequence, to a high rate of increase for half a century and, on the other hand, 
all regions where miser}* is manifest and vhere the net rate of mcrease has been low But 
further contrasts, clcarlj , arc no less important In the latter class (of low net mcrease) 
there is also a striking and significant difference between certam regions to which fanune 
comes suddenly, interrupting a penod of health, well-bemg and mcrease, and others of 
different type vhich appear to escape crises but whose people suffer from chronic lU-health 
and a continuously low rate of surviial Some entenon or index seems required to 
supplement the mere net rate of change between two census dates, by showmg the character 
and extent of mten emng changes, crises and vicissitudes This index has been desenbed 
here as the tariabilily 


In the paper cited, it was pointed out that where a really high mcrease has occurred, such 
that at the end of fifty years from 1881 the population has doubled, it is evident that this 
increase, if ‘ natural ’, i e if httle affected by migration, can only have been reached by means 
of a high increment throughout every decade Such a high, ‘ natural ’ mcrease, measured 
say at each decade, would be expressed as a smooth, nsmg curve An extreme mcrease of well 
over H)0 to 200 or 300 per cent, on the other hand, must have been reached by help of 
mnnigration, which tends to start with a rush, gi'ung a sharp upward bend at one or more 
points in the plotted curve But where, m yet another region, the population figure at the 
ond of the penod is much the same as that of fifty years before this ‘ net arrest ’ gives us no 
clue to what has reaUy occurred durmg the half century 


In such a case two alternatives present themselves alternatives 'of types of which the 
o^emes are in sharp contrast although between the two he all manner of mtermediate grades 
n the one hand, there may have been more or less prolonged penods when numbers rose rapidly 
na steadily, alternating with short periods of disaster when by drought and famme or by 
epidemics, the population were decimated or worse Disaster may also lead to immediate 
enugration, temporary or enduring, sharply dimimshing the population On the other hand,- a 
e arrest of mcrease may m fact be due to real stagnation From year to year, and decade to 
ecade, the birth rate may have been equalled by a high death rate In a region of chrome 
V l people have not all snnultaneously met with extreme disaster, 

never known health and weU-bemg Hence, m a regionTn which the close of a 
P od marked a low mcrease or a declme, it is imperative to distmguish whether conditions 
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have been much the same througbont a lengthy period or whether on the contrary there has 
been fluctuation or ‘ vanability ’ and to what degree Variability should prove to be a tellwg 
cntenon of the manner of net change (or of net arrest) throughout a period and provide a cine 
to the underlying causes It is essential then first to And a simple formula to express the curve 
which would be given by a steady rate of change from the figure of total population at the first 
available date (1881) to that numbered at the last (1931) We can then calculate as a fraction 
and percentage whatever deviation appears from the ideal curve when the actual figures are 
taken for the inter^^emng censuses (1891, 1901, 1911 and 1921) ’ 


GnApn. 


i.»iu (atucAx,) 



//of ora/ Irtcrtast 


»« MULTAN (PUNJAB) 

1 AHM< ' ' 



Jyp* * 

Cci0nfJa/for 
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20, 


jessobe (bencal) 


10 




C - 14 
\ Vi o $ 
7yp, Z 
Stojfncr/tefT 


n 

s? 


BODHA (bomba"*) 



^rwATKm 

*** AHMCONAUAB ( BOMBAY) 



»""”hHANDES,H'WE5T (bomba*) 



Typt S 

YanabU hrcrfOe 


The required formula waswezj kindly devised by Dr A C Aitken, F R s , to whom the 
author wishes to record his indebtedness, addmg that these notes also owe much to his 
commentary By Dr Aitken s method a smoothed curve was calculated "without the aid o 
logarithms by correcting a straight hne interpolation It was assumed that the smooth curve 
was exponential, passing through the first and last given pomts (i e the populations at 1881 
and at 1931) , and an average deviation of the given values from this curve was constructed, 
eing expressed as a mean of the first and last values In evaluating the mean deviation it vrns 
eci ed to dmde by for it seemed inappropriate to divide either by 6, since of the six de'^ifl' 

t<^b^ ^ ^ zero, or by 4 because although we force the terminal deviations 

e zero we probably do this at the expense of increasing the neighbouring deviations 
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Taisi 1 


Statcmcut (ht ^^inHlUon w populatwv v, ccrlain <hslrids »- Indm during 

the nrnuil 188 ) to 1 * 1^1 



I’ojMilatuin nl the census of — 


Scnvl 1 
numl'cr 

( 

^tlml of (Ii--lnrt 

>nnu of 
pros luw* 

1 

\ 

1 

1 

imi 

1 

I'lJl 

1 

1 

m\ 

1901 

1891 1 

1881 

1 

1 1 

0 

S 

4 

5 

(1 

7 

1 Tipi>or4 

1 Ipncoro 
' Poona 

Ahmodmenr 
Khandc«h M r-t 

I \ nllpiir 

MuUnn 

i 

lloiiunl 

Pencil 

llomlnv 

lloininv 

llnmlnv 

Pimjo'’ 

1 I’linjnli 

' T lo'i 7 r> 

1 r.7i u>i 

I inn 7 ns 

OSS lOli 
771 704 

1 I'll T,1 

1 174 (too 

) 74 1 ''«! 1 

1 712 210 ' 
1 OO't 03 $ ' 
731 '>72 
nil S17 
O', 7 ''SI 
SSO 32S 

2 702 777 i 
1 743 371 1 
1 071 712 1 
, 017 307 

1 00! 347 

024 470 
813 377 

1 

2,182,710 

1 797 704 
, 907,330 

S 17,005 
484 382 
670,030 
709,207 

1 841,387 ' 
1,872,803 

1 007,800 
888,755 
640,483 
40 920 

1 034,638 

1,605,393 
, 1,922,910 

1 901,828 

760 021 
427,012 
63,832 
666,610 


1 




1 


t 




i , 

- 

__ 
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Tut infAi cuR\f takfn to be FKFONENTIAL 

It tnll be seen that tlic initml assumption t\as simple namely, Jo 

the ideal normal cune of change will be of . j p),. j^itken be was 

compound interest nccriimg momenth ) \\ hen j J 33 J but be concluded that 

incbned to think that the idea might be taken further (A t i/notnal from ideal at the 

‘least squares > nould not do, for t>;nt -umes that t^^ £ m praX^" 

TTr Legist:;! S m 

increase, forming the great majoritj , the ideal cun e was a en ^ straight hue Let 

one or two cases with no appreciable net change the cun P j 

ns consider the application of this choice to India j v a 

Given the facts, there is much to be said for this assumption as a 

particularly as the figures for 1931 closed with an increase o ne r y p i^ould lustify 

thole Tie .ncicaBO tor the decode to 1941, grren no on mcre.oe J" 
the continuation of some such ossumption for the present cvoiled for lone enough 

tar to seek Internal pe.ee prevuJed throughout Indi. and « Sd 3 

to permit of considerable recover)" from preceding wars By -Lp-,). od seeds lute 

begun m India, opening new markets for its agricultnral supplies, its S ‘ ’S 

and cotton Famines Lre increasingly met b) rebef, sufficient, 

famine ’ of 1899-1900, to immmiae death from actual starvation ® health though only 
has nsen for the mass of the people, albeit slowly h,Ieasures or p n .1 ’ + has fallen 

afractionofwhatcouldbedesired, have mcreasing effect ^ ® , „ 4 .„ b „8 foPen too— ^ 

for aU these reasons, there seems httle cause to beheve that the birth rate has faUen too- 
whatever present tendencies may portend for the future 

Ifot every distnct’s population has risen however For districts and 

marked fall the choice lay beta een a curv e of a quickemng or a a owing la tendencies 

latter was chosen as corresponding most frequently to statistics and in general to the tendencies 

towards stabilization of hitherto falbng populations ^ 

Admittmg, however, that for most regions and districts of Inffia hav^g a Popffiafaon, 

an evponential curve will best form a basis or provisional norm for ebcitmg 
might be desenbed as ‘ abnormal ’, it is stiU worth askmg whether the method is app^ble to 
areas where the rate of change may have entered upon a new phase at some pomt between the 
first census and the last It would also be worth considermg the apphcation of the method 
to other countries and other cases 
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I'lIE LOGISTIC CURVE 

A notable contribution to tbe understanding of tlic phenomena of change has been the 
concept of the logistic curve (Pearl, 1926) This is a curve like that of a geometnc senes oi 
exponential function, but v ith a damping effect that ultimately inflicts its initial npivaid 
conca-\aty into a downward one, so that the final value is always less than some fixed upper 
hmit which it approaches asymptomatically 

Before going further, it should be noted that the reality is almost bound to differ from any 
close approach to a logistic curve The fitting of a logistic curve is hardly practicable for several 
reasons In the first place, the statistics being limited to the comparatively short penod of 
fifty years, the fitted curvm would not be the whole curve, but only an arc , and the question 
of deciding in which part of the cimm that arc is located, whether in the part with mcreasuig 
gradient, or the part with decreasmg gradient, or a part containing both lands of gradient and 
the pomt of inflexion would mtroduce elements of arbitrariness Purther, the deviations of 
population from an ideal single curve are not independent at different dates , an mcrease upon 
w^hat has been expected, or a decrease from it, has an effect which persists, and so the deviations 
at consecutive census years are bound to be correlated to some extent As remarked, tins 
prevents the ordinary application of least squares, for that is based on the assumption that 
deviations are independent 

The above apphes of comse to a smooth logistic curvm The changes of a population 
affected by cnses such as fanuue or influenza would, how ever, not follow a logistic curve but 
be a sequence of arcs of different curves, a sequence which, as Pearl himself pomted out, may 
well be expected at shorter or longer intervals 

Fluctuations and their lag 

Differences wdl of course be particularly marked m tracts of scarcity or famme, where 
famine, economic crisis or epidemic not only lower the survuval rate immediately but bring 
effects felt long afterwards As hir A M Macmillan, c i e , has expressed it, m corresponding 
w ith the present writer on this subject and bearing in mind a lifetime’s work m the famme zones 
of Western India ‘ In a region of fluctuatmg productivity the effects of say a good cycle in 
increasmg population lag behmd the causes There is, I think, an mterestmg relation and 
parallel here between the fluctuations (1) of produce, both yearly and m cycles of varying 
periods, (2) of cattle population and (3) of human population A fourth might be added too, 
in another sense, that of the trade cycle, whether as a phenomenon m itseU or as a factor to 
be related to (1) and (2) and as affectmg (3) changes of population Durmg a penod of ig 
productivity, population tends to increase above the level which the fluctuating productivity, 
averaged out over cycles of years, is sufficient to mamtam Then (as a result perhaps o 
failure of seasonable rams) seasonable current produce falls back, not merely to the average 
level, but to a trough lying as much below the average as the good period or peak stood above i 
The result is then a cattle famine, a human scarcity, or human famine In such a peno o 
scarcity or famine there is a high death rate, postponement of mamages, and a lowermg o 
numbers or, at least, a slowing down of mcrease of population In the next favourable pen 
there is a smaller population, able to enjoy a more than average total produce The lag 
effects behmd them first cause emphasizes the mitial ups and downs This is very marked aD 
IS readily measurable m the case of cattle, which mature m two years mstead of, as m the case 
of humans, m say eighteen years ’ So, though not readily to be measured, the lag of effects is 
real m the human population and must be remembered We should note the relation of these 
facts and tendencies to interference with any ideal curve, or (m other words) to the mamtenanc 
of a high vanabihty m ‘ famme tracts ’ 

Interpretation of posittvi^ or negative sign 
A further pomt m the mterpretation of one or more dates of greatest deviation and 
accoinpanymg sign (or signs), plus or mmus, occurs m relation to the condition of the popula^n 
a either census date If the vanabfiity of a distnct hable to crises is measured between 
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dates both of lowered population i o ]nst after famines or epulcmies the intervening period 
of tcco\er\ will cause i marked njiwnrd trend in the arc giiing a decided deiiation winch will 
be of positiio sign If, ho\\c\cr the sime popnlition is measured between two dates both of 
which follow periods of rec o\ cr\ or iccriml, an intcr\ ening crisis or crises, the deviation will 
bear a ncgntiic sign In either case liowcacr, the net rate of change will be low, and its 
accompaniment b\ a high jicrLcntage aannbilita wall at once indicate an unstable condition 
in the region, irrcspectnc of the mathematical sign of the deiaation 

Thus in the Southern Deccan of India for exanijile in districts of central and eastern 
Mvsore the census of 1881 recorded a ';c\ ere lo'^s of population since 1871 follownng the terrible 
famine of 1877-78 In Chitaidroog distrut for instance the loss was nearly 30 per eent 
Xo severe crisis ensued until iiearh 1021, when the pandemic of influen/a ]ust before had left 
Its mark in a decline of population since 1011 The inter\ ening recoaer^ (wuth a 25 per cent 
increase from 1881 to 1921 in the district named) would gne an evtreineh high a ariabihty, anth 
a mn\inium positiae deaiation in 1801 or 1001 That calculated was from 1881 to 1931, by 
which time recoaera after 1021 had had cfTccI and the nia\imum deaiations were still evtremely 
positiae in sign and dated 1001 and 1801 On the other hand, for a neighbourmg district 
sliowang the same trends (llellara in the Ifadras Deccan) I smoothed the rates of change from 
1871 to 1881 (decrease) and 1881 to 1801 (increase) This not onlv reduced the apparent 
increase from 1881 but modified the dcaiatioii lia its date and sign the loss recorded in 
1021 giaing a marked negatiac deaiation 

"IfFTIIODS OF CIOSFU ANAiaSlS 

As already pointed out time onl) allowed to make a general or qualitative, not a quanti- 
tative, distinction between ‘ natural ’ change and change due to migration (Geddes, 1941) It 
was shoavn that in the Punjab canal colonies and in parts of Assam, immigration dominated 
but that from some tracts of ^ cr> high net increase tliere was emigration while other tracts, of 
decline, showed little, if an\, net emigration If the method here discussed is found useful 
it is hoped that Indian statisticians wnll analyse the question further 

For emigration normalH springs from poverty or the lure of relative affluence elsewhere , 
and in famines, e\cn admitting that there is always a more or less known goal where they 
might find bread, the emigrants may be said to ha\ e ‘ fled for their lives ’ Immigration on the 
other hand comes where conditions offer the means for natural increase At the same time 
it must be remembered that if a population is physically and morally depressed beyond a 
certain point, there may be httle emigration Depression has taken the place of ‘ pressure of 
population ’, as would seem to be the case in parts of the western delta of Bengal, with their 
low vanabihty and stagnation Thus, in India migration tends to emphasize rather than 
d^rt change , while great and, still more, extreme variability makes it almost certain that 
tliere has been influx or perhaps, with decrease, an exodus 

This brmgs us to the need of making up for the inadequacy of the net change 
aken between two widely spaced census dates Because of the random element involved, 
net change between two dates is a haphazard mdex and is still more inadequate as an 
clication of earher conditions or as a means of forecast The vanabihty goes far to correct 
e false impressions which might be denved from net change alone, being denved not from 
wo but from six dates m a fifty-year penod or more for a longer penod or from more detailed 
m than are given by decenmal counts But even the vanabihty so far calculated still 

ere from comparison with an ideal curve plotted between two random points, the 
net *'Otnls of two census dates Hence, to dinumsh the random element m 

change between two dates, and combine this with vanabihty, we may utilize a 
basis from which to estimate the vanabihty Thus, as a basis, a truer 
to b^^°^ the prevaihng rate of change over the last sixty-year penod than is hkely 
th ^ °t)tamed from the first and last census alone could be obtamed by taking the mean of 
change from 1881 to 1931 and of that from 1891 to 1941 Alternatively the means 
® population enumerated between 1881 and 1891, and between 1931 and 1941 could be 

_ I 119 ) 



taken, and the deviations estimated at rcnsiis dates between these means This method 
should apply especially to districts with considerable variability , its use is relatively iramatenal 
where change proceeded at a steady rate, le where the variability is minimal, vhethet 
increase be high or low' S£ill better w oiild be the use of annual vital statistics after their errors, 
so great in most provinces of India, have been corrected to a point of fair reliahihty at each 
decennial census Given a mean for a few years at each end of the period at which to hegin 
and end the cuiw'e, w'e should note a fixed number of the actual ^ ears of greatest deviation 
or variability At the same time the date and sign (plus or minus) of, say, the two greatest 
should be noted and expressed as a fraction or percentnge 

It w'lll be noted that by Dr Aitken’s method the deviations were averaged from the actual 
numbers or counts of population A drawback w ould seem to be that since the total population 
differs at each census, the deviations given, being simply numerical, did not truly express the 
relationship of the deviations either to one another or to the changes in population AsDi 
Aitken put it, the totals at successive counts are correlated, for a famine or epidemic tends 
not only to lower the population at the next census but to low er the succeeding totals To Dr 
W 0 Kermack, fuse, the author ow'es the suggestion that this difficulty can be overcome 
by utili/ing the rates of increase of intcrcensal periods These are not correlated in the same 
way as the absolute figures or totals Further in a smoothly changing population the decennial 
rates must all be equal, whereas each decennial increase would be greater, owing to the accrued 
total from which every increase begins Again in the variably' changing populations found, 
deviations which are proportionately the same, would be equal, while the actual differences 
which occur would be strictly comparable Thus, estimates of variability could best be 
derived from deviations from the mean rate of change, utilizing the root mean square oi 
the deviation 


A convenient method would be to add the squares of the deviation from the mean decennia 
change in totals, divide the sum by one less than the number of intervals, and take the square 
root of the quotient as a measure of variability' The coefficient of variability would be this 
square root divided by the mean total population, and convemently midtiphed by 100 m 
practice the differences of the logs of successive populations may be taken as a measure of the 
rate of increase (by which of course is meant the rate in terms of the actual population, the 
logarithmic rate) The calculations required are thus very simple ones 


To test Dr Kermack’s method examples were computed and compared with t 6 
previous results Most of the percentages reached were considerably higher, bemg genera y 
more than double those reached previously Dr Aitken has expressed appreciation o 
the method and results He remarks that one need not find the higher results surprising 
A population figure is like a distance reached at a given time, a rate of change is hhe a 
velocity , and a coefficient based on deviations of data from a curve showing distances 
expected would be unhkely to be the same as a coefficient based on deviations of velocities 
from velocities expected 


While the ‘ net reproduction rate ’ of Kuczynski has revolutionized the analysis o 
population trends in the Occident, where vital statistics are rehable and where vital customs 
fluctuate and are in course of radical change, the apphcation of Kuczynski’s method m^y 
be both more doubtful and less necessary in India, where vital statistics are so unreha e 
and where social customs have shown so httle change up to the present This method has, 
however, been discussed by Lad in Mukeryee’s ‘ Problems of modern India ’ (Muk^s®) 
1939) Lad believes that it confirms the expectation of a generally slow mcreUse m u 
on the basis of the long-term figures of change and would correct inferences derived so c ; 
from the census of 1931, with the 11 per cent increase of the previous decade, though ^ 
of 1941, with its record of 16 per cent mcrease, is still higher Lad pomts out that ( ° 
figures for 1901 to 1910) out of 1,000 females born, fewer than 600 reached the age o 
and fewer than 250 the age of 46 (compared to nearly 800 and nearly 700 for Eng an ] 
Although few of these were unmarried, many are ‘ ■widows ’ who do not participate i 
parenthood The nuptial fertility rate per 1,000 married women of 15 to 40 for 1933 to 19 
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207 to 220 similar to tiint of Knglniid iiid ilcs in 1020 But in Bihar and Orissa for the 
prosperous period 1021 to 10$] i( wasoiiK 111 The infant mortality is high and only some 2 9 
sum\cofe\cr\ four children Imrii (70])crcou1) and liigh nlo^tnht^ foIIo^\s m childhood In 
the future houo\er the reliabilit\ of \ild slalistits nlreul> so much improved m the 
pronnee of Afadns slmiiid mi|)ro\c elsewhere Viid e\eii if fertilit\ rates do not greatly 
change for some time to tome (he chiiigiiig totals in regions of diilerent variability make it 
important not to neglect the not rcprodiution 

Willie for main tracts subjcit to little changed geographical conditions the mdev for a 
recent fift\->ear period will gi\c a picture broadiv true of earlier liistor), this is not the case 
where a re\olutionnr\ change has taken phut Thus the major crisis lU/the last hundred 
years of Bengal s heilth and population has been the extension of malaria m the centre and 
west, especialh from 1810 to 1871-72, there followed the unrctncied ill-health represented 
hi the low figures both of net cliinge and intcr\cning aanabiliti m these tracts from 1881 to 
1931 l\erc the prci mils mtcrccnsil jicriod included from 1872 to 1881, we should find telling 
contrasts m districts latterh gripped In the disease Thus Jessore wnth its steady decline 
and minimal cnnabihtc since 1881 had ajipnrcntK increased greath in the first short penod, 
according to the (onsiis from roiighh one and a half to two millions (1,439 000 to 1,923,000) 
E\en if the enumeration of 1872 was \er\ incomplete and the increase to 1881 grossly 
exaggerated, the figure for 19 $1 of 1 071 000 would act correspond to a net increase, or at 
the least to no more than i small net decline Correspondingly, the cnsis should be 
recorded In great annabilitc — a figure dernnblc if one allows for a reasonable mcrease, of 
10 per cent, from 1872 to 1881 to eliminate the exaggeration of mcrease mentioned 
Khulna m the Siiiidcrbniis on the other hand, with its ver} slight variability but steady 
increase since 1881, was but contimiiiig earlier conditions Hooghly, wnth a small net 
increase from 1881 (of 140 000), undoubtcdlj suffered a decline from 1872 to 1881, recorded 
as 143,000, so outweighing the whole succeeding increase — a crisis which would mark 
the vnnahiht} no less than that of Jessore Northwards, Burdwan or Birbhum and 
Nadia, Wursliidabad or Bajshalii would show wath a similarly heightened, low to 
moderate increase a wcll-iiinrkcd cnnabilitx This would be moderate at the least, to 
great or e\ cn notable As these examples show scrutiny of the earliest census and even 
of earlj estimates of population and \icissitudcs would permit of further generalizations 
and long-term conclusions 


Location and geographical boundaries chief types 

To geographical method particular!), the precise location of facts and factors is important 
Instead of nierel) taking certain adnunistratiA e units, such as the distncts of India, irrespective 
of the geographical and therefore probabh of the demographic heterogeneity of some or 
many of these, those districts which partake of dual or heterogeneous characters should be 
subdivided into component units (m India, the subdinsions, and Talukas or Thanas) At 
the same time statistical caution is reqmred in subdmsions, for the smaller the area and 
the population, the greater will be the random element contributmg to variabihty and 
^me correction la therefore required if this is to be made rehable The importance must 
e stressed of dinsion along regional lines which shall distinguish tracts of forest or waste 
om those of cultivation and settlement, and differentiate areas hable in the past to 
amine from those whicb are famine free but liable perhaps to chronic or endemic disease 
or only thus can the facts be fairly ascertamed and presented, and at the same time 
assoemted with the factors of their causation A paper has been completed from maps 
ased on regional boundaries 

with^^L^^^’ classmg the populations according to then- combmation of variabfiity (v) 
1 (®)) a number of types emerge Wben these are mapped they show well- 

wheth with the environments m which they are found The resultmg map, 

reeio ^ simple cartogram or a ‘ rational distribution map ’ completed by further 
6* na analysis, permits of these types to be visualized as a single distribution , one is no 
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Chiu 1m)ia\ iM'hs ov \AUiAiiinr\ (?’) i\ (ii\n(i- with 

MT f HAM r (r) 

A 1 I nuniiml to iiiodcrntc, c < oii'^idcrnlilc to liifili (c p Enstern Bengal and 
Tnxnnrorc) or lincflA Ih(jh ojid u‘;ualhj vatural increase 

B 2 1 inininnl to slight r low to dot lino {eg Ccntnl and "Western Bengal, Northern 

Bilnr) or Slaqnntion 

1 I slight nioderito to grcit, hiit c low to moderate (eg much of western 
Gangctie plain of ('ontrnl Provinocs etc) or I ntcnncdiale 

4 I grcit not ihle to extreme Iw ret iirrent crisis r gencrallv low to net arrest or 
decline (eg ‘famine tracts of Rajput ina and Deccan) Recurrent cnsis 

C T 1 great to notahic (rarcK extreme) c considerable to high (e g forest tracts 
111 N -E Indian Blatcaii ind E Ghats) ] anabJe incicnsi 

0 r extreme and c (increase) extreme b> re\ olutionarj change vi? by immigra- 
tion (c g Punjab canal colonies and jiarts of \ssain) Coloinzalion 

Details of jicrcent igcs are attached to the Alap Slimming iiji it will be noticed that 
1 i) and G show a consider ible to high or extreme increase, while 1 and 2 share a low v, and 
4 I ind 0 a grcit to extreme v 

Errituin — In Groqra pineal Inurnal ]> 2J8 para 4, last sentence should be omitted 
(the 1 for districts m "Madris being calculated on the same basis as for other proxnnees by 
combining data with a smnl^r error onh) 

^\ere we to include earlier decades wc should find a fiiilher tjjie, where sudden disaster 
was followed In stagnation Mthoiigh the chain of causation max be traceable to a complex 
of enxaroninental factors a direct cause in India is iisualh an epidemic disease settling down 
as an endemic lexer, notablx malaria It maj be classed D 7 e great by single erisis, c low 
to decline (eg Gentnl ind Western Bengal IS'iO to lOD) Epidennc-endeimc 
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IvrRODrrrioN 

Iv Part I of tins series (Dlmnnenflra, 1012) has been reported the isolation of a protein 
antigen of Mi/cohactcnum Icpiec It rras reported tlinf of all the fractious (protein, 
polvsoechande, pheende phosphatide and woy) isolated from the bacillus, onlv protein is 
dpfiniteh anticenic 

In the some article it nas stated tint ‘ extracting different lots of ground bacilli with 
weak acid weak alkali and 80 iicr cent alcohol three different proteins— acid-soluble protein, 


CORRIGEXDUM 

In paper ontitle<l Surfnee Tcnaion nnd Hremobsis ’, bj A C Roy, Ind Jour Med 

In I 109 Table I (centre) read ' Htemolysis in ’ 

‘npheeo/ Hremob«m’ 

—Editor I J M R 


conatantU alirring while the ncid is ntldeo me nncieo pruieiu ra amnmi i-cv-r,v nn, „ „„„ „ 

« removed after centnfugalization The precipitate is washed m distilled water re dissolved m weak alkab, and 
r® precipitated The precipitate is finally washed m water, acetone, and ether The washed precipitate is dned 
m vacuum 

E^raction irith iceal, acid — Ground bacilli are extracted with weak (X/20) hvdrochlonc acid for 10 minutes 
m a boiling water hath After allowing it to cool the extract is centnfugalized The clear supernatant extract 
r With X/1 XaOH and the precipitate is discarded To the filtrate are added 3 to 4 volumes of alcohol 

With some crystals of sodium acetate The mixture is kept overnight in a refrigerator Xext mommg 
e deposit of the acid soluble protein is separated by centnfugalization This deposit is washed in water, acetone, 
»nd ether, nnd then dned in vacuum 

Wh tedli alcohol — ^The alcohol soluble protein was extracted by n method based on the one used by 

IS isolation of such proteins fiom the salmonella bacilh Absolute alcohol to which X/1 HCi 

“ ®°ded at the rate of 1 c c of the acid to 40 o c of alcohol, is used for extracting the protem 
, ground bacilb are shaken with the alcohol , the mixture is warmed at 46°C to fiO'C for half an hour, with 
^ shaking The bacillary matter is then filtered off with the double filter paper To the filtrate 3 

^re added , the protem is precipitated The preoipitated protein is separated bv centnfugaliza 
non, washed and dned m a vacuum 


The axtigenic activity of the pboteix fractioxs 
AU tbe three fractions were antigenically active , they produced early (24 to 48 hours) 
reason of the ‘ tuberculin ’ type in cases of leprosy of the neural type , the nucleo-proteinwas 
®ost active and the alcohol-soluble protein the least 
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In Port I of tliio ■Jones (Dlinrmenflra, l‘H2) has been reported tlie isolation of a protein 
mtigen of Mijcohaclcrnnn Icpia: It rvas reported tint of all the fractions (protein, 
polvsncclinnde, plyceridc phosphatide and won) isolated from tlie liatillus, only protein is 
definitely antipenic 

In the some article it nas stated that ‘ extractinp different lots of ground bacilli with 
weak acid weak alkali, and 80 jicr cent alcohol three different proteins — acid-soluble protein, 
nncleo protein, and alcohol-soluble protein — har c been isolated Vll these protein fractions 
pradnee earR reactions of the “ tuberculin ’ t^'pe in the neural cases of leprosy The methods 
of their isolation and the details of their antigenic actiyity y ill be coasidered m a future 
publication’ Tins is done in the present article 

TiIF METBOTIS OF F\TR ACTION' 

Preiioiis to eytractioii the bacilli were portly de-fatted and thoroughly ground The de- 
fattening nas done b\ treating the bacilli with chloroform in the cold for 4 days This 
de fattening made the subsequent grinding ensiei and increased the stiength of the early re- 
action to the bacilli, possibR In making them more friable (However, if the treatment with 
chloroform is prolonged beyond -1 days the strength of reaction begins to decrease ) Vfter 
being de-fatteil the bacilli are ground m an agate mortar, or lu a ball-null, till they lose their 
acid fastness and bacillary form The ground bacilli are then estracted with the different' 
solutions weak alkali, weak acid, and alcohol 

^ ETiraclton inlh treat nltah — Ground bncilli are ertrncted with N/200 tsaOH From the alknbne extract 
nncleo protem ’ ii precipitated by the addition of weak (10 per cent) acetic acid tiaing minimal amonnta of acid 
nnd constantb atimnj; wlulo the acid is added The nncleo protem is allowed to nettle the supernatant fliud 
« removed after centnfugalization The precipitate is washed in distdled water re dissolved in weak alkali, and 
re precipitated The precipitate is finallv washed in water, acetone and ether The washed precipitate is dried 
la vacuum 

Ertraelwn triih treat acid — Ground bacilli are extracted with weak (N/20) hydrochloric acid for 10 mmutes 
in a boding water bath After allowing it to cool the extract is centnfugalized The clear supernatant extract 
« neutralized with N/1 NaOH and the precipitate is discarded To the filtrate are added 3 to 4 i oliimes of alcohol 
‘^fber with some crystals of sodium acetate The mixture is kept overnight m a refingerator Next raormng 
the deposit of the acid soluble protem is separated bv centnfugalization This deposit is washed in water acetone, 
and ether, and then dned in vacuum 

Extraction trilh alcohol — The alcohol soluble protein was extracted by a method based on the one used by 
" for the isolation of such proteins from the salmonella bacdli Absolute alcohol to which N/1 H(!l 

u added at the rate of 1 c o of the acid to 40 c o of alcohol, is used for extracting the protein 

The ground bacilli are shaken with the alcohol , the mixture is warmed at 45°C to B0°O for half an hour, with 
wtermittent shaking The bacillary matter is then filtered OS' with the double filter paper To the filtrate 3 
yolomes of ether are added , the protem is precipitated The precipitated protem is separated by centnfnealiza 
uon, washed and dried m a vacuum 

The anttgenio AcrryiTY of the proteix fractions 

All the three fractions were antigeracally active , they produced early (24 to 48 hours) 
reaction of the ' tnbercnlm ’ type m cases of leprosy of the neural type , the nucleo-protem was 
most active and the alcohol-soluble protem the least 
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The isolation of tlic tlirce .intigcnic protein findions from Myco kjme had aroused 
some ho])e that one of tlicsc fr.utinns might he bjictihc for Myco lepra This hope wa' 
fatrengthenecl hy a coinjianson ^\lth the rcsulte olitainecl with tlic tlu:ee similar frachons 
of the allied orcanism ol rat Icpros} Mycobaclerntm lepree miens Both the acid and tie 
alcohol-soluble fractions of both the bacilli produced a reaction in cases of the ‘neural’ 
type and no reaction in cases of the ‘ leproinatoiis type of leprosy , these two fractions from 
the two bacilli do not therefore seem to differ antigenically However, the nucleo proteins 
from the tv\o bacilli behaved differently the niicleo-protem of Myco leprw produced 
a reaction in only the ‘ neural cases, while the nucleo-protein of Myco leprm mm 
produced reactions in both the ‘ neural and the ‘ lepromatoiis ’ cases of leprosy Thus 
the nucleo-protein of Myco lepia: appears to be antigenically different from the nucleo 
protem of il/yco lepicc imms 


Testing the protein fractions for specificitii 


The best method for demonstrating the specificity of any of the fractions was to test 
persons not exposed to leyirosy v. ith these fractions If anv one of the proteins were found to 
give negatu'-e results in a \nst majonti of non-contacts, a diagnostic slnn-test for leprosy 
infection could be evolved These fractions were therefore tested in some Punjab villages 
where there is no leprosy and where the chances of contact of the population with cases o( 
leprosy are very remote 

The results obtained did not fulfil the hope of finding of at least one of the fractions to he 
specific , positive results in non-contacts were seen wuth all the three fractions The different 
protein fractions were used m a dose of 0 01 mg for the test , the incidence of positive results 
in non-contacts was highest (75 per cent) with the nucleo-protein, and lowest with the alcohol 
soluble protein (30 per cent) , with the acid-soluble protein it was CO per cent This difference 
in the incidence of positive results was in accordance with tlie observations in cases of 
that in this dose the nucleo-protein produced tlie strongest reaction and the alcohol-soluble 
protem the weakest 


The above results m non-contacts had shown that none of the three protein fractions were 
specific for Myco lepree Nevertheless, a comparison of the results in cases of leprosy nhu 
the similar protein fractions of il/?/co lepree and 3Iyco Zepicc had suggested, ns reported 

above, that the nucleo-protein fraction of 3Iyco lepice was not shared by 31yco lepree mvrn 

and imght be the specific fraction It was possible that the observed lack of its specificky 

was caused by some change that had taken place m it during its extraction There is 
some evidence that the use of alkali for extractmg nucleo-protem changes the imnuinologica 
properties of the nucleo-protem , the phosphate-buffer method of Heidelberger and Tindall 
(1931) was therefore used later to extract the protem in a more natural form The metho 
of isolation of this fraction and the results obtained with it are stated below — 


Extraction of nucleo-pi olein hy the phosphate-huff ei method — The ground bacilli are shaken 
thoroughly with a small quantity of acetate buffer at pH 4 0 to remove the polysaccharides 
The mixture is centrifugalized, the residue is separated and extracted for protem, it is ground 
m a mortar with M/16 phosphate-buffer at pH 6 5, and is later thoroughly shaken with the 
same solution The mixture is centrifugahzed From the clear supernatant the protem is 
precipitated by glacial acetic acid, the acid is added gradually m small amounts tdl the resulting 
precipitate begms to flock The precipitate is allowed to settle, is separated after centrifugali 
zation, and is washed and dried 


Antigenic activity of the phosphate-buffer-extracted nucleo-protein 

In most cases of leprosy of the neural type this fraction produced definite early 
(24 to 48 hours) reactions m 0 01 mg and 0 002 mg doses In non-contacts m Punjnd 
%Tllages the mcidence of positive results with 0 01 mg was 37 per cent and with 0 002 mg 
o per cent As reported above, with alkali-extracted nucleo-protem, m 0 01 mg doses, t is 
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pcrccntngc liul I'ccn T") i)cr cent Tim- (lio )ni])rin cnieiit in metliods of extraction hncl 
nmkcdh reduced llio incidence of positixc rc"'iiU'> in non cont ids , In reducing tlie dose there 
wi"! n fiirilicr nnrked rodiiction in (lie nuidciiic "f imsitne results 

s 

CONCI I -lOX- 

'With the luiproced method of extracting the antigen the percentage of positive results 
in non contacts has fallen niarkedh a specific tc-t for leprosi infection has, however, 
not \ct been c\ol\cd Xe\ ertheless the work done «o far gnes clear indications of the 
existence of a specific antigen in l/i/co kpnt iiid tiu ounces further attempts to isolate it 
more coinnleteh and in a more inturnl form 

Slmmvux 

1 Three protein fractions ln\e heeii i-ohted from the lejirosc bacillus These fractions 
are the inicleo protein the acid soluble protein and the ilcohol soluble protein The niicleo- 
proteiii fraction has been isolated b\ tvo difTerciit method- extraction w itli alkali and with a 
phosphate-buflcr at jiH 0 5 

2 Ah the protein Indions produce allergic -kin reictions of the ‘ tuhercnlm ’ t>T)em 
eases of leprost of the iieiiml tape 

1 C'oniparatia e tests m cases of leprosx with snnihir fractions of the rat-lepros\ bacillus 
imhcated that while both the acid and the alcohol srdiible proteins of the two organisms might 
lie similar the iiiicleo proteins from them ditTered nntigemcalh 

•1 The isolation of three different aiitigemcalK actiae protein fiactions of il/i/co leprcr 
together with the fact that one of those fractions wa- found to be different from a similar 
fraction of an allied and-fast organism, bad aroused liope that this partieiilni fraction (the 
niicleo protein) might he speeifie for il/i/co Jtpxt 

0 The tests with the differoiit fractions in non contacts howexer did not show that 
au\ of the fractions was specific This lack of specific it) of the nncleo protein fraction might 
linve been caused hx some changes taking place m it during extraction This x lew is supported 
hv the fact that the incidence of positix e results in non contacts w ith phosphate buffer-extracted 
luicleo-pTottm is niarkedlx loxxer than ixith the alkah-extracted nncleo protein 

fi Wth iinprox enieiits m the methods of isoliting the niicleo-piotein the incidence of 
positixe results m non-contact+, has been mnrkedl} decreased A specific antigen gmng nni- 
formlx negatix e results in non-coiitacts has not liowcxer xetbeen isolated The work solar 
gixes an indication of the presence of a specific nitigcn in l/i/ro lepirr and encourages further 
attempts to isolate it m a more natural form 
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I^TR0UUCT10^ 

Till isolation of a protein antigen from Myco Icpnc (Dliarmendra, 1942) and the fact 
that it produced results of the same significauce ns the Jlitsudn antigen led t<l the suggestion 
(Dharraendra and Lowe 1942) that for carrMng out skin tests in leprosy the isolated antigen 
could, wuth great adiantage replace the ordinary lepromin of jilitsuda The advantages of 
using the isolated antigen are (1) the use of a pure antigen of a known chemical nature, 
which can he acciirateh standardized by weight, (2) the results are obtamed in 24 hours instead 
of 3 weeks or more, and (3) undesirable late reactions ulcerations etc , not unconiuionly seen 
with the Slitsuda reaction, are aioided i 

As reported in the preceding article three different proteins froin Myco lepne have been 
isolated , it was hoped that one of these fractions would be specific , but so far attempts to 
demonstrate such specificit} ha\e failed 

The lack of the specificity of any of the fractions raised the question whether the labour 
and special techmque imohed in isolating the protem fractions foi performing the skm test 
was justifiable, and whether a standardized antigen could not be produced, that would retain 
most of the adi antages oLthe isolated protem antigen, but would be smipler-m preparation 
With this purpose, study was resumed of the whole baedh separated from leprous nodules > 
In cases of the neural type of leprosy, partly de-fatted baciUi were found to produce a marked 
early (24 to 48 hours) reaction of the ‘ tuberculm ’ type, and a shght late reaction of the 
nodular type The partly de-fatted bacilli were therefore considered to be very smtable 
for preparmg an antigen standardized bj w eight of the bactenal powder 

The PREPARATIOE AED STAKDABDIZATION 

The bacilh are separated from the leprous material b}^ the chloroform method desenbed 
(Dharmendra, 1942) iSince it was found that further treatment of these bacilh with chloroform 
enhanced their antigemc activity, a shght modification was mtroduced m the method previouslv 
desenbed for the isolation of the baciUi 

Pieces of lepromatous material, usually iiodulea cut from ears, are autoclaied aud then ground in chloroform 
in a glass mortar The chloroform is pipetted off The grinding m chloroform is repeated till a smear from the 
remaining tissue is almost free from bacuh All the lots of chloroform used In grmdmg are pooled and the remaining 
tissue IB discarded (A smear from the pooled chloroform ehows bacilli m lery large numbers and the absence of 
tissue cells or debris ) The pooled chloroform extract is stored m a refrigerator for 4 daj a At the end of this 
penod the chloroform is completelv e\ aporated on a ivater bath , the residual substance consists of hpoids and 
bacilh The residne is then suspended m ether and the ethereal suspension is centnfugaliied in a refrigerator 
The deposit consists of bacilli To remove the hpoids more complete^ , the haciUaiy deposit is agam suspended 
m ether, the suspension is centnfugahzed and the deposited bacilh are separated and dried m i acuum Meats 
made from the dried powder show only bacilh and no tissue 

Standard lepromin is prepared bv suspendmg 1 mg of the dry bactenal powder m 
10 c c of 0 6 per cent carbol-sabue The suspeusiou is made by putting the powder m a 
mortar, adding a few drops of N/10 NaOH grmdmg with a pestle and addmg the requisite 
amount of carbol-sahne 

The DOSE of, ahd the rfaction to, this standard lepromin 
The routme dose of the standard lepromin is 0 1 c c (i e 0 01 mg of the bactenal powder) ’ 
injected mtradermaUy In this dose, this preparation is capable of producing marked earlv 
reactions (24 to 28 hours) and shght but defimte late reactions (2 to 3 weeks) 
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!rKe early reaction is characterized by the appearance ol a definite area of erythema, 
accompanied by defimte oedema and thickemng of the erythematous area The thickened 
erythematous area vanes from 10 mm to 30 mm m diameter, occasionally more, the average 
hemg 15 mm 

The late reaction is seen 2 to 3 weeks after the injection, i e slightly earlier than the 
reaction produced by the mjectioii of the ordinary lepiomm The late reaction is considerably 
less marked than that produced by the ordinary lepromin usually it consists of a small nodule 
from 2 nmi to 4 mm fn diameter , occasionally the nodule is bigger As a rule, the nodule- 
formation IS not accompanied by ulceration , rarely, however there may be some ulceration 

The standard lejnonnn was tested m 1 m 5 and 1 m 10 dilutions and was found 
to be still active in those dilutions, although the reactions were weu^ker, especially the late 
reactions (0 1 c c of the 1 m 10 dilution of the standard leproimn contains 0 0001 mg of 
the bacterial protein, the active principle It appears therefore, that the proteins of the 
leprosy bacillus are highly active ) 

The results obtained with this standard lepwmm 

This standard lejnomm has been tested both m cases of leprosy and also m healthy persons 
in whom chances of exposure to leprosy are very remote, with the foUowmg results — 

(i) The i emits m cases of leprosy — In cases of leprosy it produces results of the same 
significance as those produced by the oidmary lepromin and by the active protem 
fraction isolated from the bacilh m the vast majority of the neural cases it 
produces marked early and shght but defimte late reaction , m the vast majonti" 
of the lepromatous cases it produces no reaction early or late 
(i?) The lesuUs w non-contaols — Tests were done m healthy persons living in an area 
where there is no leprosy, and in circumstances which make it highly improbable 
that they have ever had contact wutli cases of leprosy Healthy adults were 
tested wuth the routine dose (0 01 mg of the bacterial jiowder) and with a 1 m 5 
dilution (0 002 mg of the liactenal powder) In these doses the incidence of 
positive results (early reactions) w'as 30 per cent and 3 per cent respectively 
This preparation m 0 002 mg dose was tested m children, in whom an even low'cr 
incidence of positive results w'us to be expected , a defimte positive result 
(early reaction) was seen in only 1 of the 170 children tested These results 
were very encouraging and it ivas considered that by regulatmg the dose of 
(he antigen it might be possible to make the test (wnth this antigen) more 
‘ specific ’ However, in some of the ‘ negative ’ cases there was a slight 
erythema and induration around the point of injection tlic reaction in tliesc 
cases could not be considered positive, but it ivas felt tliat in the search for a 
specific t«st for leprosy infection, attention should be concentrated on antigens 
111 solution which do not produce such reactions in the ‘ negative ’ cases 

'fHE OlHER MLlHUDS 01 RRLPARINO SlANDARDlZLD lepiomui 

Till rcccntlA, no method foi accurately standardizmg lepromin was available The onl) 
jirccaution taken to ensure some sort of uniforimty consisted in keeping a constant proportion 
between the weight of the lepromatous material and the saline used to suspend it Muir (1933), 
m addition, attempted a rough standardization by making a comparison of bacillary concen- 
tration 111 freshly made material and the material that had given satisfactory results , no 
actual bactenal count was possible 

Dunng the past 2 years, various attemiits have been made at standardization of the 
preparations used for the fejiromm test Apart from the preparation described in this paper 
the following preparations have been recommended — 

(1) A fine suspension of leprosy bacilh m sahne, obtained from the leprous nodules and 

standardized by making a bacterial count by Breed’s method (Dharmendra, 1941) 

(2) A solution of the protein antigen of the leprosy bacilh standardized by weight of the 

antigen (Dharmendra 1942> 
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(3) 4. suspension of lepros} bacilli, separated from the other tissues of the nodule and 
standardized b) ■weight of the dried isolated bacilli (Fernandez, 1941) 

Icrunndoz (loc cit ) scptvmtcs the bnctenni powder from a suspension of leprous matenal m water, bj taking 
advantage of the diffcrincc m densities between the lepra bacilli and the tissues He makes a watery suspension 
of the leprous nodules with tlie help of grinding Sodium chloride is added to this suspension to bnng its density 
to 1 050, and it is then ccntrifiigalizcd 'Most of the tissue is deposited and the majontj of the bacilli remam 
suspended in the fluid w hicli is pipetted off Ueohol is then added to the separated fluid to bnng down its density 
to 0 050 Tlie fluid is then c<.ntnfugnhzcd and the majonU of the bacilli arc deposited at the bottom The 
bncillan deposit is dned in a i acuum and ground to a line pow der A 1 per cent suspension b\ weight of this 
]K)wdcr is prepared and further dilutions of 1 in 10, 1 in 100 and 1 m 1,000 are made from this suspension 
bemandez reports that this preparation produces reactions similar to those produced h\ hpromvi prepared aocordmg 
to Muirs and Haaashi’s mcthwls 

b COMPARISON OF THh \ARIOUS STANDARDIZED PREPARATIONS 

lucludmg the prcpafntioii described m this article there are four preparations to be 
considered Three of the preparations are suspensions of leprosy bacilli and the fourth is a 
solution of the protein antigen isolated from these bacilli 

The isolation of the protein antigen entails extra laboratory work and the use of a special 
technique The ad5 antages of the use of the isolated antigen are that ■we use a pure and refined 
antigen, and that by its use late nodular reactions are altogether eliminated, smee it produces 
an early reaction only The isolation of a specific protem fraction produemg positive results 
m cases and contacts, and negativ c results m non-contacts, would have justified the extra work 
involved in the preparation of the protein fraction This has, however, not so far been possible 
It IS therefore considered that for routine use, in the present state of our knowledge, it would 
be advantageous to hav c a standard antigen, retaming most of the advantages of the isolated 
protem but being simpler m preparation 

A companson may, therefore, be made of the suspensions made by the three 
different methods and the reactions produced by them The followmg pomts may be 
mcluded m the comparison the case of preparation, the jield, the punty, the accuracy of 
standardization, the keeping properties and the reactions produced — 

(d) Ease of preparation — In a reasonably weU-eqmpped laboratory all the three 
preparations can be prepared ■with about equal ease 
(6) Yield — ^The grinding of leprous nodules in sabne, for making a suspension, does not 
extract all or even most of the baciDi The extraction of the nodules ■with chloro- 
form does remove most of the baciUi and the }acld is therefore much greater 
The yield of the bactenal pow der with the Fernandez method was foimd to be much 
' less than with the chloroform method From the same lot of nodular matenal 

dinded mto two equal portions, bacilh were isolated (i) by the thloroform 
method, and (ii) by the Fernandez method The vield of bacilh by the chloro- 
form method was about three tunes the vield by the Fernandez method 

(c) Punty — The suspension prepared from the nodules contams some fine tissue , the 

bacterial powder prepared by the chloroform method is practically free from 
tissue , the bactenal powder prepared by Fernandez method contams much 
less tissue than the sabne suspension, but is not as pure as the chloroform- 
treated powder 

(d) Standardization — The sabne suspension can be standardized only by a bactenal 

count , this method has various limitations The suspensions made from the 
bactenal powder (obtamed by either the chloroform or the Fernandez method) 
can be accurately standardized by weight of the bactenal powder 

(e) Keeping properties —Suspensions m sabne are likely to detenorate with keepmg 

The bacterial powders should keep much better , a fresh suspension can be made 
at the time of makmg the tests 

(/) Reactions produced —All the three suspensions produce both early and late reactions 
m a vast majority of the cases of leprosy of the neural t'vpe , and no reaction 
I early or late, m a vast majority of cases of the lepromatous type The intensity 
of these reactions, hou ever, varies -with the different preparations ' ^ 
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The bacillary suspension made from the leprots tissue produces well-marked early 
and late reactions , the suspensions made from isolated bacilh produce slightly 
more marked early and considerably less marked late reactions 
The intensity of reaction of the suspensions prepared from isolated bacilli 
varies slightly with the method of isolation The suspension of the baciUi 
prepared by the chloroform method produces stronger reactions, particularly the 
early reactions This conclusion was arrived at as a result of the following 
experiment — 

Equal weights (1 mg ) of bacilh, isolated by the two different methods from two portions of the same 
lot of leprous nodules, were susjiended m equal amounts of carbol sahne 0 1 c c of the two 
suspensions (contammg 0 01 mg of the powder) were mjeoted mto patients of the neural type of 
leprosy Both the preparations produced both the early and the late reactions The suspension 
made from the bacilli obtained by the chloroform method, however, produced stronger reactions 
particularly the early reactions 

Thus the ehloroform treated bacterial powder is, weight for weight, more potent than the powder 
obtamed bj the Fernandez method The difference m the potency of the two preparations is 
explamable by the fact that, weight for weight, the chloroform treated bactenal powder contains 
more protem antigen, since the uiactue hpoids have partly been remo\ed from it Moreoier, 
the bacterial powder prepared by the chloroform method is more free from fine tissue than the 
powder prepared by the other method 

Conclusion 

From a discussion of the relative merits of the different standarduied preparations used 
foi carrying out the hpronnn test, it should be clear that a suspension made from isolated 
bacilli has defimte advantages over the one made from the leprous nodules themselves 

Of the twm methods described for the isolation of the baedh, the chloroform method 
appears to be the method of choice 

Summary 

1 A method of preparing standard lepromxn from dried and partly de-fatted leprosy 
bacilh 18 described The bacilli are obtained by extracting the nodules with chloroform, 
storing the chloroform extract for 4 days m a refrigerator and then evaporatmg it, suspeudmg 
the residue in ether and centrifugalizing the ethereal suspension m a refrigerator The 
standardization is done by weight of the baeterial powder 1 mg of the powder being 
suspended in 10 t c of 0 5 per cent carbol-sahne, and 0 1 c c of this suspension being used 

> the test 

2 This jirepaiation hke the ordmary'^ prepared directly from the leprous tissue, 

’ produces both early and late reactions m the cases of the neural type of leprosy and no reactions, 
early or late, m cases of the lepromatous ty'pe However, with this preparation the early 
reactions are stronger and the late reactions considerably weaker than the corresponding 
reactions produced by ordmary lepromin This is considered to be an advantage 

3 The other adv'’antages of this preparation over the ordmary lepromin are the use of a 
more refined material, more accurate standardization and the better keeping properties of 
the powder (the lepromin suspension is apt to deteriorate on keepmg) 

4 It IS considered that this standard lepromin prepared from partly de-fatted bacilli 
retains most of the advantages of the protem antigen isolated from the, bacilli , the extra labour 
and special techmque mvolved in isolatmg the protem are ehmmated 

5 A comparison is made of the bactenal powder obtamed by the chloroform method 
with the powder obtamed by centrifugahzmg a suspension m distilled water of leprous tissue 
at different densities (Fernandez method) With the chloroform method the yield of bacilli 
is about three tunes as great , and, weight for weight, the chloroform-treated bactenal powder 
is more potent than the one obtamed by the other method 
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Introui ctio\ 

Tut sulphnnihimidc group of dnigb has been sIiom ii to possebs a bacteriostatic or 
bactericidal action on a large \arict\ of jiathogenic mitro organisms such as pneumococci, 
streptococci meningococci, gonococci, etc The action is not confined to the cocci , the 
drugs are known to has c an action on inanj other groups of organisms such as the coliform 
bacilli and the organibins of the bruedla group Some workers ha\e found that some of 
the drugs possess an inhibitor\ action on the development of expermiental tuberculosis 
in guinea-pigs, some other workers nnweter have failed to demonstrate this mhibitory 
action 

It is possible that these drugs lia\e some bacteriostatic or uactencidal action on Myco- 
bactcrium lepra?, the causatnc organism of human lepro5\ If some of them do possess anj 
such action the) mai ha\c a place m the treatment of Icprosc 

In the absence of a method of cultnation of Mijto Icpia? and of a laboratory animal 
susceptible to the disease, it is difiicult to study the effect of the drugs on this orgamsm The 
study can, howei er, be made on the allied orgamsm of rat lepros) , 3Iyco lepra muns Myco 
lepree muris also has not been cultivated, but here we have a susceptible laboratory 
animal— the white rat Such a study should include [a) a sdud) of the action of these drugs 
tn iitro and (6) the action in vito Tlie results of the first part of this study are reported 
here Two preparations have been used m this studv, sulphamlamide and sulphapyridme 
(M & B 693) 

PRELIM1^ARY EXPERIMbOT 

Technique — A suspension of rat-leprosy bacillus was prepared from tissues of white rats 
suffermg from experimental rat lepros) 

The suspension was dmded into five portions sulphap)'ndine (JI & B 693) was added 
to two portions, to give a dilution of 1/1,000 m one portion and of 1/10,000 in the other 
Sulphaiulamide was similarly added to other two portions To the remaimng portion no drug 
was added but normal ^salme was added to make its volume the same as that of each of the 
other portions 

The above fiv e portions were divided mto two parts each, thus there were two series of the 
five differently treated portions of the same suspension 

The bactericidal or bacteriostatic action m vitro of sulphamlamide drugs on the various 
organisms has so far been demonstrated at 37°C For the purpose of the present study, there 
would have been a defimte advantage if the drugs were found to be active at a low temperature 
as well as at 37°C , this would have facibtated the mclusion of untreated suspensions m the 
experiments as controls The bacterial suspension prepared from the tissues of rats is not 
absolutely free from secondary orgamsms , its mcubation at 37 °C for 48 hours is likely to make 
the untreated suspension unsmtable for use because of the growth of these contaminatine 
organisms ° 
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One series of suspensions was accordingly stored in an incubator at 37°C for 48 bouts 
The other series was stored in a cool room at about 4°C for 96 houts 

After storage, 10 batches of 6 rats each were injected with the 10 portions of the suspen- 
sion These rats were watched foi 9 months for the development of generalized rat leprosy 
Whenever a rat died, a post-mortem was done, macroscopic findings recorded, and smears made 
from ingmnal glands, liver, omentum and spleen , these smears were stained by Ziehl-Neelsen’s 
method and examined for acid-fast bacilli The ammals surmving at the end of 9 months 
were sacrificed and examined 

Results —All the rats injected with (a) the untreated suspension stored at 37°C , (6) the 
suspension treated with a 1/10,000 dilution of sulphanilanude and stored at 37°C , and (c) 
suspension treated with 1/10,000 dilution of M & B 693 and stored in cold, died within 2 days 
of receiving the injections Tnis was probably caused by growth of contaminating orgamsms 
in the suspension 

About half the rats mjected with the other portions of the suspension died withm 4 months 
of bemg injected This period is usually not sufficient for the development of generhhzed rat 
leprosy The findings made m only those expenmental animals which hved for 4 months or 
longer after the mjection are therefore considered in Table I — 


Table T 



Stofed at 37°C fok 48 

Stored in the cold at 4°C 


HOUHS 1 

FOR 96 HOURS 


Bacterial euspoiisiou treated with 

Number of rats 
bvod for 4 
months oi 
longer 

Number of rats 
suffered from 
generalized 
rat leprosy 

Number of rats 
hved for 4 
months or 
longer 

Number of rats 
suffered from 
generalized 
rat leprosy 

M & B 093 1/10,000 

2 

Nil 

0 


M iV B 093 1/1,000 

1 

1 

Nil 

1 

1 

isulphanilnniidc 1/10,000 I 

1 


' 1 

1 

b'honilaiiHdo 1/1,000 

0 

Nil 

3 

3 

Controls luitrtutcd siisiieusioii ■ 

1 

0 

1 

/ 

4 

4 


In Table I it is to be noted that none of the rats mjected with suspensions stored at 
37°C suffered from rat leprosy, whereas all the rats mjected with suspensions stored m cold 
suffered from generahzed rat leprosy 

Conclusions — The followmg tentative conclusions were drawn from the above findings — 

1 hi & B 693 — The drug has a bactericidal action on rat-leprosy bacillus, m 

1/10,000 and 1/1,000 dilutions if allowed to act on the bacillary suspension at 
37°C It has no such action in the cold 

2 Sulphanilanude — The drug has a bactericidal action on rat-leprosy bacillus in a 

1/1,000 dilution at 37 C , the effect of a 1/10,000 dilution could not be 
a'^certained Like BI & B 693, it has no bactencidal action m the cold 

3 The untreated suspension — The untreated suspension is not smtable for injection, 

after storage at 37°C for 48 hours , this is due to growth of contanunating 
orgamsms The suspension remains smtable and mfective after storage in the 
cold for 96 hours 

Further experiments 

In view of the above findmgs it was decided, in further expenments, to use a 1/1,000 dilu- 
tion of the drugs, and to let it act on the bacterial suspension at 37°C for 48 hours To exclude 
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the jKtssibihtN of tlie non infcctiMt> of tlie stored suspension being caused by the storage, it 
was desirable to include in the expennicnt a batch of rats injected xsith bacterial suspension, 
untreated with the drugs but treated in a iiai that would inake jiossible its storage at 37°C for 
■18 hours without iiiahing it unsuitable for use For this purpose the suspension was treated 
for about half an hour with half its loliiine of 13 jier cent sulphunc acid to give a final 
strength of fi per cent of the acid , it was neutralired with 5 per cent caustic soda and 
then stored at IT'C for -18 hours Injections of this suspension produced generalized 
infection in rats 

Technique — The following method was adopted for further experiments The bacterial 
suspension prepared from tissues of rats suffering from experimental rat lepros} w'as divided 
into three portions one jiortion was treated with 1/1 000 sulphapyridiue, another with 1/1,000 
siilphamlnmide and the third wath .3 per cent sulphuric acid and then neutiali/ed All the 
three portions were left m the incubator at 37°C for 48 hours 

After 18 hours three batches of rats were injected, one batch watli each of the three 
different portions Each rat was given 1 c c of the suspension, 0 5 c c intraperitoneally and 
0 5 c c subcutaneoush into thigh 

llHienever an injected animal died a post-mortem was done and tne macroscopic 
and microscopic findings recorded Several arnmals lived for more than a year after being 
injected 

licsiilh — SLxt}-four rats were injected with the bacterial suspension treated with either 
sulphajijTidinc or sulphamlnmidc and 20 with the acid-treated suspension to act as controls 
Vbout half the rats died within 4 months of receiving the injections Since this period 
IS not usuall} sufhcient for the dc\ clopmciit of generalized infection, these animals are ignored, 
and Old} the findingh made in the animals that Incd for more than 4 months after the 
lujcclion arc considered in Tabic II — 


Jill biLliruil niiKiK,ii-<iun IniiUil 

Mltll 


Tabli, II 

f 


Nuiulxr of rats Niimbir of rats 
Iiicfl for 4 showed gcneralizw) 
uiojiths or longer rat leprosv 


MitnisiojiiL limluigH 


Xulphapi nduiL (M A IJ (I'M) 

1/1,000 


Is 


bDlphamlamidc l/l,00tl 


15 


0 


0 


I 

■'In 1 rat- smears from iiigumal 
gland spleen and omentum 

I contained a few bacilli 

j In 17 ruts uU smears uigatlvc 
for acid fast baciUi 

I In 1 rat smears from omentum 
contamed a few bacilli 

1 

In 14 ruts all smears iiegatne 

I for acid fast bacilli 


5 per cent sulphuric, and (controls) 


10 


10 j Smears from Ijmph glands, 

I 111 or, spleen and omentum 
I showed large number of acid 
j fast bacilli m all the animals 


The findmg of a few orgamsms m 1 rat m a batch is not considered to be of significance 
the presence of a few bacilb may be caused by a mere persistence of the dead organisms , even 
dead bacilh arc known to have extraordmary powers of persistence in the tissues of hvinir 
animals ° 


The above findings indicate that sulphapyriaine and sulphanilamide have a definite 
bactericidal action in vitro on the rat-leprosy bacillus The negafatm findings in the rats 
injected with the bacterial suspension treated with the drugs, could not be attributed to a 
mere inhibitory effect of the drugs, since many of the experimental arnmals lived for a much 
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longer period ttan tliat necessary for tlie development of generalized leprosy , of tte 33. rats, 
7 lived for 4 to 8 months, 16 for 8 to 12 months and 10 for 12 to 16 months after hemg injected 
v’ltli the drug-treated suspension 

Summary and conclusions 

1 A study has been made of the action tn vitro of sidphapyridine (M & B 693) and 
sulphamlamide on the rat-leprosy bacillus 

2 A prehmmary experiment suggested that the drugs have a bactericidal action if 
allowed to act on the bacterial suspension at 37°C for 48 hours, but that in cold (at 4°C ) they 
have no such action, even if allowed to act for double the time (96 hours) 

3 A suspension of rat-leprosy bacillus was prepared from the tissues of white rats suffering 
from experimental rat leprosy This suspension was divided mto three portions one portion 
was mixed with sulphapyridine to give a dilution of 1/1,000 of the drug , another portion vitb 
sulphamlamide in the same dilution , and the third was treated with 5 per cent sulphuric acid 
and then neutralized All the three portions were left in an incubator at 37°C for 48 hours 
Injections were then made in three batches of rats 

4 The suspensions treated with the two drugs did not produce the disease m the injected 
animals The acid-treated suspension produced a generalized rat leprosy The non-mfecti- 
vity of the drug-treated suspensions was therefore not caused by the mere storage of the 
suspension at 37°C for 48 hours 

6 Thus, sulphapyridine and sulphamlatmde, in a dilution -of 1/1,000, possess a 
bactericidal effect in vitro on the. bacillus of rat leprosy if allowed to act on the organism at 
37°C for 48 hours Sulphapyridme vas found to possess this property m a dilution of 
1/10,000 also , results for a similar dilution of sulphamlamide are not available 
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Gi'vcoL’isi'! IS the tem applied to the enzymic breahdotvn of the carbon chain of the 
carbohydrates in absence of o'<: 3 gcn All annirobic fermentation and aneerobic degradation 
of carboln drates in animal cells are gl}colytic process and the teim glycolysis is m general 
applied to the jirodiiction of lactic acid in the animal organism 

At present it cannot be stated with certainty what phases occur in the course of glycolysis 
ns e\crv chemical im cstigation of the intermediate stages of this hind is dependent on the 
disturbance of the co ordination of the cells, destruction of the cells and so on and processes 
ina\ occur which do not take place in intact cells It can at least be taken as certain that 
annirobic degradation of carboh^ dratc in the animal cells leads to the production of sarcolactic 
acid and other Ci-coinpounds In the aerobic condition as shown by ’Meyerhof (1926, 1930), 
a rerersible reaction takes place and the products of breakdown are completely or partly re- 
converted into glycogen This phenomenon as shown by j\re\erhof later on, does not take place 
in tissue extract and it is possible to uork mth meat extract iR presence of oxygen Con and 
Con (1930 , 1937) and Einbden cf al (1933) ha%e shown that the glycolvtic process is mitinted 
by the formation of glucose- 1-phospliate from glycogen and inorganic phosphate Siillmann 
(1939) has -shown iihat lactic acid formation can also take place from glucose or fructose in place 
of glycogen The substrate m either case should contain inorganic phosphate and an enzymic 
system in v.hich adenylic acid acts as a co enzyme Another enzyme then converts this 
1-phosphste to gliicose-G-phosphate and then throush other intermediate products to lactic acid 
Lactic acid commercialh aiailable at present, is either m the form of U S P syrup which 
usually e-dnbits a Ion optical activiti , corresponding to the excess it happens to contain, which 
IS variable, of one or the other optical isomer or is the expensive zinc sarcolactate The method 
desenbed below makes it possible to obtain quickly and easdy and at low cost large amount 
of sarcolactic acid Since glycogen, the precursor of lactic acid in muscle, is more or less 
limited, attempts were made to use glucose m place of glycogen as the parent substance for the 
production of sarcolactic acid in meat infusion and a work in this direction was undertaken 

ExPEnrMEXTAn 

Veal uas infused nith tuo parts of water and various concentrations of glucose Mere added 
to it and the amount of glucose left in the solution and lactic acid formed was recorder! pH 
of the substrate was adjusted to 7 0 using a solution of 4 per cent sochum bicarbonate and the 
temperature vas maintained at 30°C Temperature higher or lower than this uas found to 
be unsuitable No outside addition of inorganic phosphate, I\Ig or co-enzyme Mas made 
Infusion was always made within 2 hours after the animal was killed The results are recorded 
m Table I — 


Table I 


Time in 
hoiii-K 

Glucose ailded 
m mg per 

100 c r 

Ghicone left 
' unconverted m 
mg per 100 c c 

I 

I-actic aud 
fonned m rag 
per 100 c c 

1 



AT7 

10 to 16 

150 to 200 



250 

40 

200 

]0 


500 

40 

250 


1 

850 

60 1 

300 



1,000 

160 

400 


1 

1,600 

1 i 

400 



Ill this and all subsequent experiments, the infusion after desired period of reactioin\as 
steamed foi ] lioui and filtered through lint Glucose was estimated according to Hagedom 
and Jensen (1923) and lactic acid according to ]<>iedcniann and Gmeser (1933) after rciaoMnt; 
sugar by Ca(0H)2-CuS04 

It was ecadent from these results that 850 mg of glucose per 100 c c of the substrate gave 
proportionately maximum amount of lactic acid with minimum amount of unconverted glucose 
With this concentration of glucose then various experiments were earned out to see whether 
the yield of lactic acid could be increased Smee inorganic phosphate and Mg ions are 
known to increase the yield of lactic acid, these were added to the substrate and results are 
lecorded m Table II The final volume of the substrate was always in the proportion of one 
part veal and two parts water (including all ingredients added) 


Table II 


Substrate containing per 100 g real, 1,700 mg of 
glucose and 

1 

Final glucose cone 
m mg per 100 c c 

Lactic acid in 
mg per 100 c c 

(1) 50 c e 0 05 M K^HPO^ or Na^HPO^ 

(2) 76 c c 0 06 M K^HPO^ or Na.HPO, 

62 

500 

100 

42S 

(3) 100 c c 0 05 M KJlPO, or Na^HPO. 

100 

236 

(4) Containing 60 c c 0 05 phos aolution plus 10 mg 
Mg na MgCl, 

' 160 

! 395 

(5) Containing 60 c c 0 06 M phos solution phis 20 mg 
Mg as MgClj 

103 

390 

\ 

% 


As the substrate contaimug 50 c c 0 06 M phosphate solution gave good results Mg ion 
m the fonn of MgClo was added to the substrate and results as noted above are recorded 

)Since the yield of lactic acid fell far short of the theoretical amount (CoHjoOo = 2 CH3 
CHOH COOH or 180 g glucose would give 2 X 90 g of lactic acid), it was thought that 
either the duration of tlie process was' too long or too short in the first case a reversible 
reaction sets in re-converting lactic acid into its parent substance or it is decomposed by 
inicro-orgamsms and m the second case full conversion was not taking place and other 
intermediate compounds are being formed Accordinglv the following expennienks were 
earned out — 

(1) following tbe coiuse of the process ever> 3 hours (2) CaiTying the process at 
20°C , instead of at 30°C (3) Addition of toluene to stop hactenal growth 

(4) tSeaich for the mtormediate products such as pyruvic acid glyceraldehjde, 
etc wdnch are known to be formed during glycolysis 


Table III 

S^ibstiate mtli 1,700 11/fjr glucose plus 50 c c 0/ 0 05 J/ 
pliospbule pe> 100 <7 veal 



! Final glucose m 

Lactic acid m 


mg per 100 c c 

mg per 100 c c 

(1) Conroe of the process — 



3 hours 

164 

200 

0 

200 

240 

0 „ 

160 

340 

i - Jf 

60 

600 
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TvilLh 111— COJicW 


felucoai in ' Lnctic ncid in 
iiip pir 100 r c I mg per 100 o c 


( 2 ) C'iutmiir the proceoii nt 20 f — 

1" houre 
^0 


I 

400 1 200 

100 250 


( t) addition of toluene nf 10 C — 

12 lionr^ 2711 2(t0 


A search for pjTiiMc ncKl gU ceraklchydc and otlier carbonyl compounds which combme 
with hi-sulphitc and which arc knoisni to be formed dunng gl}colysis, was made according 
to the method of Chft and Cook (1932) and Klein (1940) and in almost all cases these were 
found to be absent Aletlivlglyoxal was estimated according to the method of Baner and 
7iegler (1937), but this was also absent 

It has been obsert ed during a large number of evpenments that a few samples of veal did 
not give satisfactory comcrsion of glucose even after the addition of phosphate, and it was 
thought desirable in any routine procedure to test the sample of veal as regards the potenc} 
of the enzyme present in it A sample test was done with a substrate contaimng phosphate 
and 200 mg to 250 mg of added glucose A good sample would convert 100 mg to 120 mg 
of glucose in one hour at 30®C If any sample did not show this conversion, the sample was 
rejected It may be mentioned here that in such substrate generally some carbonyl compounds 
of bi-sulphite combining capaciti are found showing that the conversion was not complete 

Discussion 

Yanous theones as regards the mode of action, the nature of co-enz}mie mtermediate 
products formed, etc , in the glycolytic process have been advanced Summmg up these 
obsen^ations, it may be taken as certain that phosphate ester of glucose is formed as an inter- 
mediate product and a co-enzyme is necessary for the intermediate phosphorylation and 
de-phosphorylation — the higher the degree of phosphorylation, the greater the amount of con- 
1 ersion Co-enzyme was not separatelj added as it is present in meat extract but inorganic 
phosphate was added to the substrate with the idea that it would increase the degree of 
phosphorylation and it does so up to a certain concentration after which inhibition of the process 
takes place (vide Table II) It has been shoivn by Con and Con (1937) that Mg ion greatl} 
increases the com ersion of the glucose ester — ^the optimum concentration bemg 5 niM to ] 0 
uiM Experimental results in Table TI showed a fall in the degree of conversion of glucose 
This may be explamed by the fact that the average Mg content of muscle is about 10 niM as 
shown by Schmidt and Greenberg (1935) and a fall is due to the sub-optimal concentration 
of Mg It is onlj m dialysed extract Mg shows a beneficial effect 

Addition of toluene to prevent bacterial decomposition did not show any improvement 
on the other hand an inhibitor}^ effect was noticed Neiiberg (1929) has recently shown that 
the enzyme is partly or wholly lost m presence of toluene The lower yield of lactic acid than 
the theoretical amount can only be explained on the basis of the obsenmtion of Colowick ei nl 
, (1940) that glucose though it senses as an oxidizable substance in glycolytic process is not 
quantitative!} converted into lactic acid and other Ci and Co compounds are formed ' From 
the results given in the text it appears that the whole process, as earned out under the conditions 
of expenments, is mainl} the combination of two t^qies of ghcohsis animal glvcolysis tvpe 
and fermentation tvpe in varying degree ^ 


( 139 ) 


Sarcolactic acid thus produced has been purified by the preparation of its zmc salt and 
the optical activity of the pure acid thus prepared has always been verified For the utilization 
of the lactic acid, it may be pointed out that Mueller (1938) has shown that utilization of lactic 
acidiry C diphtheria is pretty definitely limited to the d-form occurnng naturally m body tissue 
Various workers have used lactic acid in the form of ammonium or sodium salt for tie production 
of diphtheria toxm but they have not mentioned the optical rotation of the acid they have 
used The author mtends to take up a n ork in future with d- and 1-form lactic acid and to 
study their effect on the diphthena toxin production 


Summary 

A rapid and inexpensive method for the productioncof sarcolactic acid, by the glycolytic 
conversion of glucose in muscle infusion, is described 
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In n previous paper (Seklion, 1^42), nn account was given of the effect of dehydration and 
reconstitution on the carotene content of various dehydrated vregetables Some prehminary 
tests on the effect of storage were carried out , these indicated that the stability of 
carotene on storage v aned consulerablv' m different v egetables Since dehydrated v egetables 
are normallv' stored for mnnv months before consumption, it was thought advisable to 
carrv out further work on losses of carotene on storage Ranganathan (1942) has shown 
that destruction of vitamin C in dehvdratod v egetables during storage for 1 to 4 months 
is fairl} rapid 

Tlie investigation covered a period of storage of about 20 weeks, the vegetables bemg 
kept under vnrvung conditions It was found that the samples of cabbage, cauhflower, 
carrot and pumpkin kept in sealed tins in nn incubator darkened in colour and developed 
an offensiv e smell after about 4 months’ storage The samples for test w ere kindly supplied 
by JfessTS Parrv & Co , Ltd , Rampet 


Experivifntai, 


Method of carotene assaij — The ‘ phase separation ’ test desenbed by Palmer (1922) and 
subsequently employed liy De (1936) was used for estimating carotene The details of the 
procedure hav e already been desenbed by Sekhon (loc cii ) Owing to the non-availability of 
petroleum ether, a solv ent supplied by the Burmah-Shell Oil Storage and Distnbutmg Co 
of India Ltd , ^Madras, was used m its place 

The results are expressed as imcrograras of carotene per 100 g of dehydrated (not 
moisture-free) vegetable as received from the manufacturers One microgram may be taken 
as approximatelv equivalent to ] International miit of vatamin A (De, 1936a) 

Six vegetables — bitter gourd, cabbage, cauliflower, carrot, potato and pumpkin — were 
obtamed for the investigation Ordmary methods of dehydration were followed All the 
samples were ‘ scalded ’ by bemg dipped in boihng 0 8 per cent sodium sulphite solution 
before dehydration (Sekhon, loc cit ) The samples of the vanous vegetables were obtamed 
from a smgle day’s batch, and the investigations started within a couple of days of their 
manufacture 


Pour sealed tms of each vegetable were received One sealed tin of eaeh vegetable was 
opened and the sample immediately assayed for carotene From the same tm samples were 
weighed out and wrapped m paper as soon as the tm was opened' These samples were kept 
in unsealed contamers The remaimng sealed tins were placed m an incubator at 37°C and 
taken for test at mtervals of about 4 weeks The paper packets contaimng weighed samples 
from the first tm were placed m closed but not sealed tms to cut ofl light and access of air 
These tins were stored at room temperature (18°C to 23°C ) Another senes of paper packets 
contammg the weighed samples were put m glass-bottles exposed to diffused hght and kept 
at room temperature The moisture content of the samples kept m paper packets was not 
detennmed vVhen later estimations of carotene were carried out smee they had been wemhed 
at the outset of the investigation 


J, MR 


( 141 ) 


2 





Tlie rebultb aic given iii T.ibl( I H jb to lie observed that losses in carotene content on 
storage are quite consicleralile, being a ery rajiiil during tbe first 4 weeks Broadly speaking, 
about oiie-balf of the total loss observed during the 20 weeks took jilace dunng the first 4 weeks 
Losses m the case of cabbage were high and this observafion may hold good for all leafy 
vegetables 

Tabil I 

Tito loss of ecootene in dchychatod leqetahles stored undo votious conditions 


Vegetable 


1 Bitter gourd {Momordicn cha 
rnnUa) 


Condition of storage 

Storage 
in days 

Carotene 
/ig/100 g 



0 

2,600 

Stored at 37^C in sealed con J 

28 

2,143 

tamers 

) 

86 

1,992 


( 

1 142 

1,601 



I 

0 

2,600 

Stored at 18'C to 23°C 

m J 

16 

' 30 

1 00 

2,370 
2,197 
2,005 1 

unsealed containers 

1 


1 

1 141 

1,042 j 



0 

2,000 1 

Stored at 18°C to 23°C 

m 

16 

1,934 

glass bottles exposed 

to * 

29 

1,809 

diffused light 


89 

1,685 


135 

1,441 


2 Cabbage (Bra men oUractn 

captfata) 


Stored at 37°C m sealed con 
tainer‘< 


Stored at IS^C to 23°C m 
unsealed containers 


Stored at 18’C to 23'^C m 
glass bottles exposed to 
diffused light 


3 Cauliflower (Bra^sira olrracm 
hohyt’’*) 


Stored at 37°C in sealed con [ 
tamers "j 


Stored at 18 C to 21'^C in 
unsealed containers 


Stored ut 18 C to 23 C m 
glass bottles exposed to 
diffused light 


Percentage 
loss of 
earotenc 


17 5 
23 3 
38 4 


88 
16 6 
22 9 
3(5 8 


25 0 
30 4 
35 2 
44 5 


0 

1 1 275 

1 

32 

1 091 

i 46 8 

80 

' 368 

1 71 9 

138 

207 

I 83 0 

0 

1,275 

j 

13 

750 

1 41 1 

31 

290 

76 7 

90 

260 1 

80 3 

136 

231 1 

81 8 

0 

1,275 

1 

13 

419 

07 1 

30 1 

279 

78 0 

SO 

167 

SCO 

124 

54 

95 7 


0 1 

475 

! 21 0 

51 

375 

78 1 

270 J 

43 1 

H6 

230 

1 61 5 

0 , 

475 ^ 


15 

423 

10 0 

29 

ISO 

18 7 

8b 

205 

442 

135 1 

J 

241 

49 2 

0 ' 

476 


15 1 

350 

24 4 

29 1 

258 

45 0 

84 

153 

67 7 

127 

131 1 

72 4 



T\iiif T — coHchl 



t IV itUtu'n • 1 Jut >).» 

Stomgf 
in dn\s 

Carotene 

OS /lOO R 

Percentage 
logs oC 
carotene 


f 

0 




‘'loud at 17 < m 'rate<l (nn 1 

27 


30 0 


' lauior-v 1 

8T 

44 216 

41 6 


1 

1 14S 

28,040 

02 9 


’ 

' 0 

76,030 




17 

ti8 190 

98 


''tou d at 1st to Jit in 

^0 

58 son 

■)0 o 

Carrot (Dawrui corotu) < 

inveftlod oouvwni 

OJ 

43,060 

43 0 


1 

141 

28,260 

02 0 


' 

t> 

76,030 



Stviud al Ih t to JS’C m 

18 


06 


plnas bottlea cxpocrd to- 

28 


28 0 

• 

iliffu<<od licUt 

8s 


519 


1 

lU 

20 880 

044 


f 

f 

1 

10,330 



at t7 f in soalcti con 1 

; 1,0 

24,000 

20 8 


taincM 1 

i 12s 

22,380 

20 2 


, i 

i 14 t 

18,274 

10 0 


f 

0 

80,380 



‘'torod «l lb c to Jl f in 1 

, 27 

20,000 

U2 

PuaipVin [Cueiirlild iiuiriiiin) < 

nnicnlod ionlninpra I 

. 98 

20,250 

33 2 


1 ( 

140 


40 9 


' f 

0 

80 880 



1 stoud at is t to Jl ( in ( 

1(1 

27 840 

82 


plaas liottlea cxpoapd to 

2s 

26,260 

10 7 


(liffiiRpd licld 

80 

19,170 

36 8 


1 i 

112 

I5,5=)0 

487 

' 

1 

i r 

0 

82 



vStorcd at S7 ( in «cnlecl con 

S4 

04 

219 


tamers 

148 

54 

341 


/ 

0 

82 




17 

79 

36 

- 

Stored at IS^O to Jl ( m -! 

IS 

72 

12 2 

Potato (SoJ(i)iiiiii /iit«ro»i(iH) \ 

unRcnlert contametv 1 

9b 

00 

19 5 


1 

142 

68 

29 2 



0 

(JO 



j Stored at 18 C to 23^C m ( 





\ glftBs bottles exposed to J, 

DO 


0] p 


1 diffuficd light 

185 

56 

31 7 


The effect of tempo alure — ‘Within the obsened range {18°C to 37°C ) temperature did not 
appear to have a striking influence on the stability of carotene 

The effect of light — ^Losses in samples in the glass-bottles exposed to hght v*ere more than 
those -which took place in the samples not exposed to hght (Gmlbert, 1935) This effect 
appeared to be most marked m samples containing a high percentage of clilorophyll In-the 
present investigation losses m cabbage were of a much higher order than those observed in the 
other samples In the case of carrot, ptmipkm and potato the effect of exposure to hght iv as 
not mark^ 
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Some preliminary observations weie made on a number of samples of dehydrated vegetables 
prepared by the ‘ qmck-coolnng ’ process, in •which the vegetables are steamed for about 15 
minutes before deh^^dration Subsequently the material vas made into briquettes under 
pressure Samples for analysis -w'ere taken from the inside of the bnquettes The results are 
given in Table II — 

Tabi^f II 

TJie hs9 of carotene %n dehydrated vegetables pyepaied by the ‘ gwcl-coohng’ process, 

sto)ed at S7°C 


Vegetable 

Period of 
storage 
(dar s) 

f 

Carotene 
pg/lOO g 

1 

1 

! 

1 

Percentage loss 
of carotene 

Cabbage | 

0 

30 

1 308 

217 

29 5 

Cauliflou er | 

0 

30 

341 

297 

12 9 

Pumpkm 1 

1 0 

30 

6,932 

6,238 

11 7 

Turmp 1 

0 

30 

25 

25 

Yd 


* These samples were sent to the Laboratories some days 
after their manufacture ^ 

The results obtained an this case corresponded m general •wuth those of the samples 
prepared in the ordinary way, suggestmg that this form of preliminary treatment did not 
affect the stabihty of carotene m dehydrated vegetables Hon ever, during the process of 
‘ quick-cooking ’ carotene appears to be rapidly destroyed, as judged by the figures obtained 
for carotene for different fresh vegetables by the author 


Sttmmaet 

1 The effect of storage on the carotene content of six dehydrated vegetables has teen 
studied 

2 The dehvdrated vegetables on storage showed a progressive loss in their carotene 
content 

3 Temperature, within the observed range (18°C to 37°C ), appeared to have little 
influence on the rate of destruction of carotene in dehydrated vegetables 

4 The destruction of carotene m vegetables containing a high percentage of chlorophyll 
was more pronomiced m the presence of light 


Df (if)3U) 

Idem (1936a) 
Gcilbert (1935) 
Paljieb (1922) 

llA\GANATnA> (1942) 
Sekhob (1942) 
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Ini Jcxir Mcl /?'•< 31, 2 Octol>or lilt 

CO:\IBIXED ESTni VTION OF THIA'\irN AND NICOTINIC ACID 
IN FOODSTUFFS BY CHE:MIC*\D i\IBTHODS 

in 

lUV'VrviA BH\GVAT 

(^iifrilion l{t^i.orch I(ibora(o)u^, I B F A, Cooiiooi, S Indm) 

[Ucci.i\c(l for pubhcfttion, Maj 3, 1043] 

In recent \ear«, numerous clienucal methods lui\c been described for the indmdual esti- 
mation of thmmm and nicotinic acid In tlic present im estigation, a simple procedure is 
pvohed wherebv i combined estimation of thiamin and nicotinic acid could be made on the 
same samjile Further, this procedure enabled the assai of 5 to 6 foodstuffs m one day 

The chemical methods cmploicd for the ebtimatioii of thiamin fall into two groups 
(1) colonmetnc methods (Prcbliida ind "McCollum, 1939 , ^^clmck and Field, 1939 , Kirch and 
Bcrgcim 1942), and (2) the tliiochromc method, first described by Jansen (1936) and later 
modified In otlicr workers (Heunessi and Cerccedo 1939 , Pike, 1939 , Aylrroyd ct al , 1940 , 
Hoiisten ct al , 1940 , Hams and IVang, 1941 , Swammathan, 1942) with a new to applying 
it to foodstuffs 

The followang steps arc iin oh cd m the estimation of thiamin bj the thioclirome method — 

1 Exlmdion of thwmin froDi foochtaffs — Prelmunarv hydroljsis to hberate the ntarmn 
from its biological combinations prcsumablj with proteins, has been earned out either with 
hydrochlonc (A.ikroid ct al loc at ) or sulphuric (Conner and Straub, 1941 , Swammathan, 
1942) or acetic acids (Hennessi and, Cerecedo, loc cit ) or with pepsin (Pyke, loc cit ), or 
papain (Hams and IVang loc cit ) The extraction mth acid is not satisfactory, smee 
(a) acids m general wall extract, besides tlnamm, other extraneous substances and (6) large 
amounts of the soh ent arc necessary to obtain anj thing like complete e'rtraction Enzymic 
Indrohsis may pro\e to be the best ineams of hberatmg and extractmg the vitamm 

2 Coinersioii of cocorboxylase to thiamin — Lohnian and Schuster (1937) have shown 
that the greater part of natiiralh occumug thianun ma} be present as cocarboxylase (i e 
phosphor! fated thiamin) Cocarbox} lase is comerted by alkahne femeyamde to the corres- 
ponding thiochrome, which Kinuerslev and Peters (1938) haae shown to be msoluble m isobutyl 
alcohol , thus its presence might be a source of error m the chemical test for thiamm Hence, 
in an) method for the estimation of thiamm, a comersion of cocarbox) lase to thiamm is 
essential and this is achieved b) subjecting the acid or enzymic hvdrolysates to the action of a 
phosphatase Phosphatases from lanous sources can be used Thus, Hennessy and Cerecedo 
{loc cit ) used a preparation of beef kidney, which, however, was found to be unsatisfactory 
by Melmck and Field (1939) who recommended dried yeast as a source of phosphatase 
Hmnersley and Peters (loc cit) used taka diastase, w hich contained a taka phosphatase In 
the case of cereals and pulses, how ever, pre limin ary digestion wnth a phosphatase is unnecessary, 
as the ntarmu m these is almost entirely present m the free form In the present mi estigation, 
enzyme preparation prepared from pig’s mtestmal mucosa was used This contained proteases 
as well as phosphatases, the liberation and conversion of cocarboxylase to thiamm bemg thus 
achieved m a single operation 

3 Bemoial of interfenng substances — ^In order to get nd of the substances mterfenng 
with the reaction. Karrer and Kubh (1937) and Hennessy and Cerecedo {loc cit ) recommended 
the use of zeohte and Decalso for the adsorption of thiamm Adsorption methods, apart from 
bemg tedious, miolve a nsk of mcomplete adsorption and elution, hence, if possible, they 
should be a\ oided Hams and "Wang (Joe cit ) and Swammathan (1942) suggested extractmg 
the solution with isobutyl alcohol prior to oxidation to thiochrome In the present expen- 
meuts, howei er, prehmmary washmg with isoamyl alcohol pnor to oxidation was found to be 
unnecessary with aU the foodstuffs except yeast extracts, as the treatment with basic lead acetate 
effecti! ely remoi ed mterfermg substances, as judged by the low blanks obtamed m every case 
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i Oxidation of thiamin to thiochome and the amount of feiricyanide lequired for Ih 
oxidation — Thiarmn is converted to tliioclirome by alkaline femcyanide Tke amonnt o£ 
potassium femcyanide used influences the oxidation Several "workers (Hills, 1939, Aykroyd 
et al , loc cit , Jowett, 1939, Westenbrmk and Goiidsinit, 1937) have sho^vn that excess of 
femcyamde destroyed part of the thiocliroine In view of these observations, the eSect 
of various concentrations of femcyanide was tried with a brewer s "s east hydrolysate Relevant 
results are given in Table I — 

Table I 

The effect of different concent) atiom, of femcyanide 
on the intensity of fluoiescence 


Amount of fenicjanidc 
m mg 

Intensitc of fluorescence 
(in scale divisions) 

0 0 

8 5 

1 0 

40 0 

2 0 

61 0 

40 

52 0 

00 

62 0 

80 

51 0 

100 

48 0 

120 

47 0 

15 0 

47 0 

18 0 

47 0 

20 0 

47 0 

24 0 

47 0 

too 

47 0 


Thus, from 2 mg to 8 mg of femcyamde was found to be enough for the oxidation of 
thiamm to thiochrome In all subsequent tests t) 3 ml (C mg ) of 2 per cent femcyamde 
solution Was used 

5 Exliaclion of thwchioine — Isobutyl alcohol is generally used foi the extraction of 
thiochrome from aqueous solutions Owing to the iiuavadabikty of this solvent, a substitute 
isoamyl alcohol, Avhicli was found to be an equally good tolveut for thiochrome (Narasmga 
Rao, 1943), was used iii the present mvestigation 

6 Measuienieni of the intensity of fluoiescence — Tluochrome shoivs an intense blue 
fluorescence in the ultra-violet light, the intcnsilv ui wluch is measured by means of a photo- 
electric fliionmeter 

For the estimation of mootimc acid in biological materials, a colorimetric method first 
described liy Swanuuatlian (1938, 1938a) is much m vogue Numerous modifications (Shav 
and Macdonald 1918 Pearson, 1939 , Ritsert, 1939 , Kringstad and Naess, 1939, Haras and 
Raymond, 1939 Bandier and Hald, 1939 Melnick and Field, 1940 , Kodicek, 1941 , Swami- 
nathau, 1942) have been proposed based on the mode of extraction and the choice of aromatic 
amine used m the reaction All the procedures described for the extraction of mcotimc acid 
are, however, drastic and give rise to highly’-coloured solutions especialN with inatenals of plant 
origin, thereby^ necessitating separate blank estmiations m every case Mehuck and Iield 
(1940), Gin and Naganua (1941) and Dann and Handler (1941) described adsorption methods 
for the separation of nicotinic acid from interfenng substances, thereby imnimiAing the blanks 
-3reliuck and Fiekl (1941) have also emphasized the proper evaluation of the blank, otherwise 
coiwiderable error was introduced m the calculations They recommended oimssion of aniline 
from the blank test as thev found anihne to react directly with ceitain substances jiresentin 
h\ drolysate to y leld tolmirs indistinguishable from mcotimc acid Randier (1939) on the other 
hand ad^ocates the inclusion of cy%anogen bromide in the blank, wdiich, however, has been 
found to be unsaiibf ictor> Kodicek (/or cil ) and ’Waisman and Elvehjem (1941), by direct 
extraction with alkali or acid obtained higher \abies for the nicotmic acid content of cereals 
than could be accounted for liy their biolo"ic.il potenc\ In the present stiidv, enziumc 
hcdroUtJis was emjiloced for the liberation and extraction of mcotimc acid from combined 
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/onus Midi IS I oeii/'\ incs I mid II Tlic find bolunons obtained Mith tbe majority of food- 
'^nfis were pncticilU colourlc‘=s or contnmed onh traces of aclloa\ '\\lncb were so small that. 
fhc\ could not l>c cvfinntcd b\ an ordinar\ Klett colorimeter 

rAinuiMvvi \i 

/foii/i ii/s iiiyid/ol 

1 AI/l(t pliu'plialc butler pH i) to 7 

2. Poilium acetate solutions, oO jxr cent mid 5 per cent 

5 X iiasic lead iretafo solution 

I 10 X 

10 X XaOH 

n St indanl tliimnin solution jirciiaied d ulj In iblutim; 1 ml of stock tluamm 
soliituiii to 100 ml thus 1 ml 1 /nr tbiamm 

7 Distilled mctlnl dcolio! 

Distilled ISO aim 1 alcohol 

^ Two per cent potassium ferrn \ anule solution jirepaied fresh as required 

10 tstvnclard nicotinic acid solution prepared daily bj diluting 1 ml of stock mcotmic 
acid solution to 10 ml thus 1 ml --- '>0 /ig mcotmic acid 

II Two j>er cent aniline solution 

12 Caaiiogeii bromide solution prepared us reqmred b\ decolonzmg ice-cold saturated 
bromine water ba adcbtioii of 10 jier cent XaCX solution 
PrtjHmilion of ih tntijnu — The eii/^inc prepanitioii was prepared from the intestinal 
mucosa of a licaltha stars eel pig (Pigs mtestiual mucosa was cliosen, smee it is known to 
contain a large and saned arras of onztmcs and it is easilj obtainable) A tluck, •viscous 
suspension of the mucosa ssas collected to sshicli an equal solunie of 1 0 per cent sabne ssas 
added and the mixture ssas centrifuged The supernatant ssas discarded, the residue was sus- 
pended 111 an equal s olninc of 1 per cent saline and presers ed m the ice-box over toluene The 
actmt} of the preparation ssas found to keep for mouths It contained proteases, phosphatases, 
nucleotidases and other eiusnnes Xo attempt svas made to purif) the preparation, since (a) the 
object svas merel} to liberate and extract the tsvo sntamins from their biological combmations 
and (6) the preparation was found to be complctels desoid of tluamm and mcotmic acid as' 
determined bs the chemical methods (Table 11) 

TsjJLb U 

Tlnomui and lucoliint aud tn tin aizyint jjieparalion 


llU Mils 


Xrotimc acid 


r iiz,\ mt 
preparation 

ns S 

I’erceutnge 

1 recoverv of 

1 uddeil thmiuiu 

1 

1 

ns % 

Percentage 
recovery of 
added mcotmio 
acid 

I 

-Sil 

, 100 0 

Trace 

, 100 6 

11 

Xil 

100 0 


100-0 

111 

Sil 

] 100 0 

-Xi/ 

100 0 


Prelisiixary experiments 

Effect of pH on the hbcratwn and extraction of thiannn and nicotimc acid — ^Li order to find 
the optimum pH for hsdrolysis svith the mucosa-eiu^nue preparation, a sample of brewer’s 
seast was used Acetate buffer ss is used to obtain pH from 4 to 5 65, while pH 7 0 was 
obtained bs addition of -5 jicr cent sodnim-acetatc solution lAir comparison livdrolssis ut 
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pH 7 0 was carried out m the piesence of pliosplmte buffer TJie expcrjinental details T\ere 
as outlined below The resnlte aic presented in Table TIT — 

Table ITT 


Effect of 2 )H on the libetahon and exlniclion of thiamin 
and nicoHnic acid 


1)11 

Tiuajus 

NiCOHNIO AOID 

ftg /fc' 

Pcrceutago 
recovery of 
added thiamin 

hg/g 

40 

100 6 

90 9 

186 8 

6 0 

100 6 

90 9 

369 0 

6 0 

97 9 

92 3 

430 7 

70 

100 6 

90 9 

443 0 

70 

100 6 

90 9 

440 0 

(Phosphate buffer) 





It will be seen from Table TIT that tluamin could be extracted over a wide range of pH 
varying from 4 to 7 Further, there was practically no destruction of thiamm as judged from 
thepercentage recovery of the added vitauun, when the hydrolysis was earned out at pH 7 0 for 
24 hours In the case of mcotmic acid, however, the optimum pH for the enzyme — presumably 
nucleotidase to hberate mcotmarmde, since mcotimc acid exists m nature almost entirely as free 
and combmed nicotinauude (Euler et al , 1937) — appears to be nearer pH 7 0 Thus, in all 
subsequent exjienments, the hydrolysis with the mucosa preparation was carried out at pH 6 to 
7, with either phosphate or acetate buffers 

■Working bireutions, 

Extraction of thiamin and nicotinic acid — ^From 1 g to 10 g of the finely povdered materials 
were well rmxed with 50 ml to 100 ml of phosphate 'bufiei pH 6 to 7 or mth water and the pH 
vas adjusted to 6 to 7 by the addition of 5 per cent sodium-acetate solution One ml of the 
enzyme preparation was added and the mixture was incubated overmght at 37°C Toluene 
was added as a preservative A parallel incubation was carried out vuth a further sample of 
the same matenal, to which 60 ng of tluamin and 300 /ig of mcotimc acid were added The 
mixture was centrifuged, the residue was washed once with phosphate buffer or sodium-acetatc 
solution as the case may be The centnfugates v ere mixed and made up to 50 to 100 ml 

Removal of interfering substances — To 50 ml of the centrifugate, 10 ml of N basic Icail 
acetate were added in order to precipitate mterfenng substances Tlie solution was centrifuged 
and the precipitate was discarded The excess of lead was remoied as lead sulphate by the 
addition of 2 ml of 10 N H2RO4 The precipitate was removed on fihe centrifuge and the 
supernatant was brought to pH 4 0 by the ad^tion of 10 N NaOH (solution A) In all cases, 
clear, practically colourless, solutions were obtamed 

Estimation of thiamin — For the estimation of thiannn, an ahquot (usually b 5 ml ) of 
solution A, correspondmg to 1 /lO of the material, was used It was made up to 13 ml with 
water , 2 ml methyl alcohol 2 ml ION NaOH, 0 3 ml 2 per cent feracyamde solution and 16 ml 
iBoaniyl alcohol were added and the mixture was shaken for 2 mmutes UTien the amyl alcohol 
had separated from the aqueous solutions, it was filtered and 10 ml used for the fluonmetric 
estimation of thiamin A standard thiarmn solution (6 /tg ) treated m the same way was used 
for companson For each test solution a corresponding blank estimation vas done All the 
^ alues obtamed with test materials (after deductmg the values obtamed with their corresponding 
blanks) were corrected usmg the correspondmg recovery values 

Estimation of nicotinic acid — ^linother portion (20 ml to 50 ml ) of solution A vas taken 
for the estimation of mcotmic acid It v as heated in a boihng water-bath for 30 to 40 mmutes in 
order to hvdrolyse the mcotmic amide formed to mcotimc acid Durmg hydrolysis, considerable 
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ovaporation of the solutions took plnco The solutions vrere brought to pH 7 0 and made up to 
their orignnl ^ olunio m the en'^e of \ cast ^ cast extracts and other nieotmic-acid-nch matenals, 
while in the ca^e of lereils and pulses, the \olunic was made up to halt the original volume and 
filtered An aliquot of the solution corresponding to 0 1 (> east) — 2 g (cereals and pulses) was 
used for the estimation of nicotinic acid b\ Sw aiiiinathan’s method (1942) 

The thiamin and nicotinic acid contents of different foodstuffs analysed are given 
m Table IV — 


Tibll IV 


Thwmvi and Jitcolniic acid coiilcnl nf foodstuff'- vitli percentage rccoienj of added vitannns 


Nftmo of fooilsUiff 

' 


lit 

“1 'g 1 

1 

1 

lAMlN 

1 

XlCOTCaO ACID 

1 

t 

Amount 
taken, p 

Percentage 
rccorcry 
of added 
thiamm 

8g/g 

i 

Percentage 
recovery of 
added niootimo 
acid 

TfA'Il 



1 

1 


1 


Brewer s 

(1) 

1 

70 8 1 

80 0 

1 322 6 



(2) 

1 

70 6 ; 

87 0 



, (eun dned) 

('ll 

1 

97 0 1 

92 3 1 

1 430 7 

95 0 


(4) 

1 

8f. 1 1 

90 0 

405 0 

95 0 

Tonvlft (prown on molrv* c«) 

(1) 

2 

19 7 1 

70 2 

120 1 

100 0 


(-’) 1 

o 

2f> 1 

74 4 

120 0 ' 

101 0 

("iin dried) 

('^1 

o 

20 0 

97 8 

216 0 1 

93 0 

Bi<itiller\ 

(I) 

*> 

10 1 

78 0 

244 3 

100 0 


(2) 

> 

IS S 

75 0 

322 5 

97 0 

Yeivyt oxfracl 

(1) 


155 

83 0 

286 0 

107 0 


(2) 1 




470 8 

900 

Ai<f« [Grrfund nuts (/IrflfAi* hvpojra)] , 






IX'iv, 

1 

s 

8 2 ‘ 

89 0 

33 0 

106 0 

Ither extracted 

(11 1 

’r. 


99 0 

73 6 

100 0 

» 


’ 1 

10 7 1 

1 

79 4 

102 0 

PI>sh foodx 

1 






■''heep liver 

(1) 1 

5 

5 S 

88 6 

108 6 

100 0 


<-’) : 

‘ 5 

2 H , 

, 90 0 

107 0 

100 0 

Sheep henrt 

1 

( 


48 , 

^ 95 2 

35 1 


PuUcs 


1 





Bengnl gram n 

(1) 

10 

4 9 

S7 0 

20 0 

93 3 


(2) 

1 10 

4 4 

SO 0 



Red gram b 


1 10 

3 S 

102 0 

23J , 

80 0 

Horse pram c 

(1) 

i 10 

5 3 

85 7 

20 4 1 

90 0 


(2) 

10 

5 0 

80 7 

, 23 6 

90 0 

Cnw pea d 

(1) 

s 

83 

00 0 

17 7 

97 5 

f 

(2) 

6 

8 4 

640 

I 

t 

CsreaJs 


■ 





tVhent e 

(1) 

10 

3 0 

70 0 

1 23 3 

100 0 


(2) 

10 

3 9 

80 0 

' 23 8 

1 96 0 

tVhito maize f 


10 1 

42 

101 1 

11 8 

1 105 0 

Bajrn g 

(1) 

10 

30 

67 7 

1 11 3 


„ (ether extracted) 

(2) 

10 1 

27 

67 7 

' 13 8 

83 0 

„ 

(3) 

10 

2 8 

67 7 

1 16 2 


Rice, milled h 


10 

1 04 

80 0 

141 

100 1 

Rice polishings 


3 

18 1 

46 0 

1 86 6 

03 3 

Ragii 

(1) 

10 

3 3 

30 0 




(2) 

10 

4 2 

20 0 



Jt 

(3) 

10 

38 

20 0 



^^t9C€}lancou8 


1 





A\ heat biscuits 


20 

1 28 

73 8 

26 7 

99 7 

Pumpkin seeds ) (ether extracted) 

a 

38 

80 0 

19 0 

1 100 0 


I 


A B — a=Cicer anelinum , b=Cajanuf tndicus c=Dohchoi btflorus , d—Vtgna catiang e=Tnlicurn 
, f=Zra mays , g=Pcnmtctuin li/pfirndnim h—Oryza snUva , \=Ehxmne coraennn i—Gvc<irbtla 
mo •' 
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l?oi foul samples of brewer’s yeast the values for tliiauuu were 'fO 8 /tg /g to 97 9 jxgfg 
They were very iinieh ])]gher than those reported Iry Sw^aminatlian (] 942) The tliiainni content 
of torula yeast wsas found to be lower than tliat of brewer s yeast wlule distillery yeast gare 
the lowest values This is in agreement Avith kiiowm facts Nicotinic acid valuer in general, 
were of the same order as observed b} different workers Samples of yeast, which were 
dried in the sun, gave higher values for thiamin and nicotinic acid than those dried otherwise 
A marked vanation in the thiaihm and mcotmic acid content of sheep liver has been observed 
and this may be clue to the variation in age and nutritive condition of the animal as indicated 
by Waisman cl al (1940) The four pulses investigated were foimd to be good sources of 
thiauun , cow -pea giving a value of 8 4 fxg /g was the richest amongst them The lucohnic 
acid content of both cereals and pulses were found to be very much lower than that of 
ground-nuts and aminal tissues such as sheej) liver Recoveries of added thianun and nicotmic 
acid were satisfactory In the case of three cereals bajia, ragi and nee polishings, and 
one pulse cow-pea the recoveries of added thiamin ranged from 20 to 60 per cent The 
following prehnunaiy experiments were earned out with ragi and nee polishings to find out 
the causes for the low recoveries obtained 

{a) Samples were extracted prioi to hydrolysis with ether to see if substances interfering 
with the reaction could be removed (b) the period of hydrolysis was shortened to 3 hours, 

(c) the agueous suspensions of the materials were heated m a borlmg water-bath prior to 
enz}mnc hydrolysis , in order to inactivate substances which might be responsible for the 
destruction of thiamin , bO /xg thianun were added and the susjiension meubated overmghtand 

(d) a known amoiuit of thiaimn w^as added to the purified solutions pnor to oxidation to see 
whether the low values obtained were due to the destruction of tluaimn by substances present 
m the hydroR^ate The results of the pieliimnarv experiments are given in Table V — 


Table V 




j ^ 

Tnuxjix 

Percentage 
recovery of 

Foodstuff 

1 

Ticatmcnt 

1 

Mg/g 

Rorccutuge 
lecovery 
of tliiamiii 

thiBinin added 
pnor to 
oxidation 

llugi 

(U 

Lthei extinction 

) 8 

JOO 

03 2 

12) 

3 hours’ h>drol\sis 

3 S ! 

16 0 

95 0 

Rice pohslmit's 

(1) 

(2) 

Ether extraction 

18 0 

40 0 

93 0 

J hours’ lijdroljBis 

18 4 

47 4 


f » ff 

(0 

Heatuig 111 x\ atcr batli 
foi hour prior to 

he clroh '•IS 

15 3 

71 0 



It appears from Table V that part of the added thianun was lost when incubated with the 
suspensions of the tw'o cereals Extraction of the sample with ether or shortening the penod 
of hydrolysis did not seem to minimi ze the loss of thiamin However, better recovery was 
obtained with nee polishmgs, when they ivere heated m boihug water for some time pnor to 
cnz}Tmc hydrolysis This is of interest in ■\uew of the findings of Woolley (1941) and Spitzer, 
Coombes and Ehehjem (1941) that thiamin A\as inactivated by certain substances present in 
niA\ fish The luactiA ation ivas reduced Avheu the fish was cooked Whether such substances 
are present in rice or ragi is a matter for future investigation That lower recoA^eries 
were not due to the presence of mterfermg substances was borne out by the almost complete 
recoveries obtained nhen thiammwas added to the purified extracts ]ust before oxidation to 
tliiochromc 

Lxhcmlion of (himitin u)td mtolimc acid from foodbliiffs on aidolysis — In foodstuffs tluanmi 
exists in free and phosphor^ lated forms and nicotinic acid, almost entirely as free and combmed 
as (cocnz\anes I and II) mcotinaniide (Euler cl ul 1937) Myrbuck (1927), Euler and hn 
colleagues (192'^ 1937 1938) and Scldeiik (1910) hi\o shown that disintegration of 
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inminl niid pHnI tissues roleiscs a lieai-1 ihile s\stoin ^\lllcll rapulh (lcstro>s the biological 
acti\it\ of p\rulinc micleotules eg (o/Min«e t!ie optimum pH of inactivation being pH 7 5 
Tlie aetmtv of tins s^stelll can be iiiliibitcd b\ nicotinamide plann and Quastel, 1941) 
Piirtlicr Handler and Klein (1912) liave shown that tlic initial stc]) in the inactivation of 
p^Tldme nucleotides is tlie clcavai'c of imoiin nnidt In view of these observations and the 
universal oeeurrenct of pvridine nucleotides m phnts and aninials it was felt of interest to 
sec whether ciirvine sv stems responsible for their unctivation were present in foodstuffs 
Fnielv powdercel materials were susjicnded in water and the pH was adjusted to 6 to 7 with 
■) jier cent sodium acetate ind the suspensions were allowed to autolyse overmght in presence 
of toluene at I7T' Thianiin and mcotiiiH acid were estimated as described above The 
results are meludeil in Table \ I — 

Tvmi \I 

L\brr(il}0» nf f/mtifua and iiicofiiiu acid fiotn oir dufoli/ai'^ 


Thiamin ' Xicotimc acid 


Voini-'uitr 

Mt P 

l’< rLUiitagi 
n.to\Lr\ ot 
n<hle<l thiamin 

' Y ^ 

1 

Percentage 
rccorcrj of 
nihlert iiicotinio 
acid 

1 (ntt 





Uamrs (ilraU oa hoi tni\) 

' o2 0 

Nl 7 

322 0 1 


(aiiu-ilnoil) 

•m J 

00 0 

430 7 1 

06 0 

Toniln (groini ou inolaasco) (mui iIokP 

20 '• 

104 0 

i 


Ycs«t CNtnct 

10 0 

71 4 

285 0 1 


Flfh fcxxli 



1 ' 

1 

‘^heep IiNcr 

29 

■10 0 

107 0 ! 

07 6 

'’heep heart 

I 3S 

81-0 

37 1 


t life 





Crournl imt (him ) 

7 1 

1150 

33 0 

108 0 

(i-tlicr iNtrovti <11 

1 


70 4 

102 0 

Pubes 



1 


Bengal gram 

5 2 

83 0 

18 0 

90 0 

Red gram 

1 -) 

06 0 

20 0 

' 100 0 

Horse gnm 

70 

JSd 7 

20 4 

00 0 

tow pea 

8 1 

000 

17 7 

97 6 

Ctrtub 


• 

1 


tVheat 

Tt 

70 0 



tVhito uiaui 

i 7 

80 4 

'} S 

02 8 

Bice iKiliPhiiiL- 

IS t 

50 0 

83 3 

83 0 

Bnira 

(1) 2n 

02 0 

11 3 


llngi 

(2) 2 7 

Ol i 

13 8 

83 0 

J 7o 

30 0 

f 

1 


The results presented m Table YI compare w^ell with those given m Table IV This 
indicates that flesh foods, sim-dned v'east preparations, cereals and pulses contamed enzymes 
responsible for the liberation of thiamin and mcotmic acid However, the use of the enzyme 
preparation is recommended to ensure complete liberation of the vitamins from all foods 

SUiDIAKV 

1 A smijile, rehable and rapid method has been described, whereby combmed estimations 
of thiainm and mcotmic acid can be made on the same sample This procedure enables 
the assay of 5 to 6 foods m a 7-hour dav 

2 Hydrolj sis at pH 0 to 7 b^ an enzyme preparation from pig s mteshnal mucosa has 
been emploved for the liberation and extraction of thiamin and mcotmic acid Further 
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the method has also been found to be effective in reducing the interference by extraneouB 
substances to a nunimum 

3 The thiochrome method has been adopted for the estimation of thianun and the 
cyanogen-brormde-amhne method for the estimation of nicotinic acid 

4 Various foodstuffs have been assayed for their thiamin and mcotimc acid content 
and the values obtained were m good agreement with those reported by other workers 

6 Recoveries of added vitamins were satisfactory, ranging from 75 to 100 per cent for 
thianun and 83 to 108 per cent for nicotmic acid 

6 In the case of three cereals and one pulse, recoveries of added thianun ranged from 20 
to 60 per cent An explanation has been offeied to account for the low recovenes observed 

7 Autolysis of an aqueous suspension of flesh foods has been found to hberate thianun 
and mfcotinic acid from their biological combmation However, the use of the enzyme pre- 
paration IS recommended in older to ensure complete liberation of the vntanuns from all types 
of foods 
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THE EFFECT OF VIT VMIX C ON CJ1NC4IYAL AND PEHTODONTAL 
DISEASE IN INDIAN CHILDREN 


C D \11SH UiL D rh n d m n , m »» s fic7), 

K h SHOT ini< MD ns, Msc 

(Frotn the dr Movtmonncij CoUcqi of Dmtt-ilr)/ Lahore aud (hr NnirUton Research 
Ijihoratorirs I R I I Cnnaoor ) 

SUcpiivod for p^Wicxtioin s, ptember 2 ^ 

GiNCiMTis and pcnodontnl disence art cxtromch common m tlie population of the Punjab 
This IS found m ^n^^mfI stapes ranpini: from slight thickening of the gums m its earlier and 
milder stages to a hter stage of i ert marked hx pe^t^oph^ with marginal ulceration and the 
fornntion of pus-pockets (jnorrhai) Vmong males of middle age the incidence of pyorrhoea 
IS almost one hundred per cent Contrar\ to expencnce m AVestern countries, gmgiwitis ib 
also common among children and is some tunes obseri ed m children as young as 5 years of 
age The incidence of gingiN itis and periodontal conditions m the population will be desenbed 
in a later communication AATiile little is rcallv kiiowni about their letiology, it has often 
been suggested that their prc\ alence is due to some defect in the diet and m particular to 
deficiency of Mtanun C The present paper describes an experiment on children in Lahore 
designed to test the latter hrpothesis 

GlNOmTlS AND MTAMtN O' 

That sciin y affects the giiiiis has been recognized from very early times Thus Sir Richard 
Hawkins in ‘ Obseryations on His Voyage to the South Sea ’, published ml593, says that the 
disease ‘ causeth a general swelling of the gums and many times the teeth fall out of the jaws 
■without pain ’ In guinea-pigs fed on diets deficient or almost deficient m xitamin C, lesions 
of the gingiy al and penodontal tissues have been observed and described by many workers 
(Howe 1920, 1921, 1921a, 1923 , AVolbach and Howe, 1924 , Hojer and Westm, 1926 , Day 
1933, Bovle, Bessev and AVolbach 1937 , Boyle 1938, 1941) But while the association of 
gmgiyitis in human beings and guinea-pigs with severe deprivation of vitairan C leadmg to 
signs of scury y is fully recognized, there is little unanmuty as the part played by yutamm-C' 
deficiency -m the letiology of gingivitis not cbmcally associated ynth scurvy Crandon, Lund 
and Dill (1940) Preeman and Glass (1938), Kirkpatrick (1939), Radusch (1939) and Tishler 
(1929) did not find any significant relationship between vitaimn-C intake and the occurrence 
of gingiyntis Burril (1942) found that the blood plasma mtamin-C levels tended to be 
lower in the cases havmg gingivitis than m those free from gingivitis The cases with 
penodontal disease also tended to show low er vitanun-C levels than those without In propor- 
tion to the range and vanation in yntaimn-C levels within each group, however, the differences 
between groups with and without penodontal ebsease were very small and probably not sigm 
ficant The seasonal variations m yitanun-C levels and the mcidence of gmgiyitis were such 
that no causal rehtionship betw een low xitamm 0 and the presence of gmgi-vitis was apparent 
Pox, Dangerfield, Gotthch and Jokl (1940) found no significant difference m the mcidence of 
conditions m tw o groups of mine labourers m South Africa, one of which received a daily ration 
of concentrated orange jmee for seven months AVestm (1925), Bunting (1929), Boyle et al 
(1937a), Belzer (1938), APeisberger, Young and Morse (1938) and Pijtzsunmons (1941) reported 
noyvever, a definite correlation between vitamin-C intake and gmgiyntis and associated 
conditions, while Hanke (1930, 1933, 1933a) and Hawkins (1931) recorded defimte improvement 
in gmgivitis, when large quantities of orange juice were added to the diet 
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Exi’FinMPxrAL 

One LundrecI Indian cLildren in an orphanage in Lu]iore\\pre selected Tlie total nunihcr 
of children in the uistitution was 140 Children beloi\ o <uid above 15 ivcie excluded The 
incidence of gingival conditions among the children was high The diet of the institution is 
based on atta (w^hole wheat or wheat flour of high extraction) with some pulses Intake of 
fresh fruits and vegetables, which varies according to season, is in general low The children 
had been resident in the orphanage from the early years of childhood 

Two groups of 50 were selected, as similar as possible as regards age, sex weight and the 
incidence of gum conditions The presence and severity of gmgmtis were determined by oral 
inspection The incidence of plaques and tartar and the state of ‘ oral hvgiene ’ were also 
recorded The following classification was used — 

Comhlion 


Gmgmtis d- 

Evident though not marked thickenmg 
of the gums, the interdental papiUra 
being affected in some instances 

Gmgmtis d — h 

,dlarked hypertrophy of the gums 
wuth or without minute marginal 
ulceration, and ]iossibly slight 
pocket formation 

Gingn itis d-4- 

Yen maiked liypeitiopln of tlie 
gums with marginal ulceration 
and pocket or pus foimation 

Plaques and tartar 

These w'ere recorded as d" ++ 
d — 1 — k according to the degree 

of seventy 

Oral hvgiene 

The geneial moutli condition was 
recorded as ‘ good ’ ‘ fair oi ‘ ]iooi 


One group was given 100 mg of ascorbic acid oialh per child per day for 100 days, the 
other group receiving no sup])lement Both groups received the same diet no change being 
made in the diet of the orphanage Oral exammation of all children was carried out at the 
begmmng of the experiment and after 50 and 100 days Table I shows the incidence ot plaques 
and tartar and the state of oral hygiene in two groups The groups were reasonably comparable 
as regards these conditions In Table II the incidence of malocclusion accordmg to Angle’s 
classification is showm hlalocclusion of teeth may predispose to gingivitis and hence it is of 
interest to note that the incidence was low in both groups 


Table I 


Plaques taikn and oial hygiene in test and control gioup 


Plaques 


T\rtak 


Oral inGiESE 


Clasiifica 

tion 


Test group Control group, 
per cent per cent 


Xormixl 

U 1 

I l -) 

4 - 

lit ■> 

1 i 

1 

S.’ (. 

! . 10 b 

— 

22 4 

' 22 2 


Test group, 
I)er cent 

1 

Control group 
per cent 

I Condi 

1 tion 

1 

1 Test group 
per cent 

Control group, 
per cent 



32 (I 

>4 fi 

i 

1 

[ 

i 

I 

1 

22 4 I 

37 0 

1 Good 

28 5 

29 <) 

20 4 ' 

1 

Ot> o 1 

- I 

Fair 

46 0 

41 9 

24 5 

1 

1 

10 0 

Poor 

24 5 

28 4 
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1 uiir TI 


I III eh >)f ' Ilf ii>ii(ixil>i^i,,ii ( \ I li('<'<i III i((ioii) 


n u^ifif-aiion 

Ti^l groujf 
j » r < « nt 

j 

1 1 

Lontrol group, 
por r^ut 

1 

( li- I 

1 

» 

10 7 

1 

(L- n 

JO J 

' n s 

riic- IT I 

\,l 

1 .V*/ 

Mormal 

it II 

aoc 

! 

1 


The children \\cre woialiod 'iiul nioa^nrcd nt the licginmug ind end of the e-qie'-imentai 
penod All Mere exnnnned to dlvco^e^ ivhother am were snftenng from certain deficiencv 
diseases — angular stomatiti« plirvnodernin \erophthnlniin and rickets — ^Init none of these 
conditions rras ohseried 

Rr-t ns 

Tables III ind IV show that the adninii''tration of 1(I0 nig of ascorbic acid for 100 days 
did not proiluce iniprovciiiciit in the gingn nl eonditioas present The lack of effect was esndent 
after 50 dovs when it was decided to gne oral treatment to half the children m each group 
Treatment included extractions fillings scalimi and gum diessmc Viter the establishment 
of a satisfactory state of oral h\ gieiie no further treatment w as given The test group continued 
to receive ascorbic acid tliroughout tiic penod of oral treatment There was some indication 
that this treatment soniew hat iiiiproa ed the cum couditioiis hut no \ era striking effect w as 
evident dunng the exiierimental period 

Owing to the smallness of tlie numbers in the experimental and control groups and the 
nneertamt} as to the correctne‘'S of the recorded figures for age, weight and height mcrements 
in the two groups could not be compared on a satisfacton' statistical basis Rough comparison 
of the increments in the two groups ga\ e however no indication of anv adi antage in the group 
receiving ascorbic acid It ma^ also be added that the gia mg of the ascorbic acid tablets bad 
no vi'iible and obnous effect on the appearance and health of the children 


Excretiox of ascorbic acio 

The excretion of ascorbic acid In 20 children in each group w is determined during the 
course of the experiment, the usual method m\ oh mg the use of 2,6 dichloropheuol indophenol 
beuig employed The children were gn ea bottles containing acetic acid into wbicli urine w as 
passed the concentration of acetic acid in the urine being about 5 per cent The bottles were 
collected twice dad} and the urine titrated as soon as po'csible The total daih quantity of urme 
passed into the bottles ranged from SOO c c to 1,200 c c It w as assumed that this represented 
a 24-hour specuiien but it was difiicult to be certain on this pomt The tests were earned 
out dunng the hottest season of the a ear m Lahore when unne tends to be concentrated The 
shade temperature was frequenth from lOO’F to llO'F Smee the method of collection 
involved storage of some of the nrme for a penod somewhat exceeding 12 hours before titration 
It IS hkeh that some destniction of ascorbic acid took place ’ 
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The results are sho^\n in Table V The e\crction of ascorbic acid by the control group 
■was very lo'w, ■while the group receiving ascorbic acid excreted from 25 1 mg to 58 1 mg in 
24 hours Subject to the limitations referred to above, the results of the excretion tests 
suggest that the diet of the control group ■was low in ascorbic acid 

TaHLI:- Y 


TJ'iinaiy excretion of ascorbic acid per day per child 


Test groot 

Control groot 


Excretion 


Excretion 

Name 

per dn> 

(mg ) 

Name 

per day 

1 (mg) 

1 

Parshotam 

28 (> 

Inder Parkas 

! 10 

Chabir Singh 

27 4 

Nanu Ram 

1 7 

f 

Girdhari Lai 

35 0 

Jai Daval 

24 

Om Parknsh No IV 

37 8 

Dhian Singh 

1 0 

Gian Chand No III 

43 0 

Sukh Nandan 

1 2 

Bndh Dev 

444 

Sham Lai 

' 1 6 

Ram Dayal 

33 0 

Nanan Das 

1 0 

Ram Chand 

41 1 

Rath Ram 

1 8 

Om ParLash 

63 1 

Lakshman 

1 8 

Dnrga Charan 

36 0 

Jlohan Lai 

2 2 

Ram Suroop 

68 4 

Ram Chand 

1 2 

Harhans Lai 

28 1 

Snraj Parkash 

1 6 

Vishwa JLttra 

1 

40 3 

Vishnn Prashad 

1 0 

Brahm Datta 

29 1 

Jagdish 

1 6 

Shiv Dayal 

44 2 

R a mesh war 

33 9* 

Rattan Lai 

29 7 

Mansa Ram j 

1 2 

Prem Chand 

25 1 

Ganga Ram 

1 G 

Ram Dass 

53 9 

Sntre Ram 

1 2 

Krishan Swamp 

37 3 

Prabh Dayal 

2 9 

Lai Chand 

45 7 

Ram Lai 

1 5 

Roshan Lnl 

33 4 

Sutn Path 

1 6 


* Took two poiintK of ‘ Jambu ’ (Sygigium Jambolaum) before the starting of the unne collection 

Tlie potenct of the tablets reported to contain 50 mg of ascorbic acid, was checked 
bj' tests in Lahore and the Nutrition Research Laboratories Coonoor Values obtained 
for tablets ranged from 45 mg to 50 mg 


SirUAIARV 

An e^vperiment was carried out to discover the effect of ascorbic acid on gingivitis and 
associated conditions in Indian children in an orphanage One hundred mg of ascorbic acid 
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was gncn to 50 rluldron for 100 (lna=; n similnr oontrol group receiMug no supplement .No 
clinngc m pinci\al conditions was oliwacd as the result of gning ascorbic acid 
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THE EFFECT OF ‘EXEIKTSE ON THE PYHUVIC ACID CONTENT 
OF NOiniAL AND YITAHIN-Bi DEFICIENT HICB-MOTH 
LAHYHi {COnC^Ri CEPIIALONICA ST) 

n\ 

p .s ^vinrv 

{Frow (hi Xiilnfiitii lli'-ttirch I iiburntnrH '• ! li l< 1 Cooiiooi S Indta) 

[I'cconctl for jiuliliolioii SojiUmbcr 2, 1042] 

It lin'- 1)1 cn c''t.il)li‘)lic(l ))C4oi)(l doiiht tl tt atciiimilntion of p3rinic acid takes place m the 
blood of man and certain experimental animals as a result of tliiamm deficiency The relation 
between pxTUMc acid acciinnilation in tlie blood, the anioiint of exercise and vitanim-Bi 
intake lias been inxestiqatcd b} sexcral workers Thus Johnson and Edwards (1937) found 
that in iiormal subjects, who were exercised to cxhiustion, pjaruvic acid appeared in the blood 
in aniouiits similar to those w Inch arc reached m se\ ere beri-beri Lu aud Platt (1939) reported 
that light muscular work In xataniin-Bi deficient human subjects was followed by an increase 
in blood pyrmalc During rest after exercise xalucs returned to the initial level in normal 
subjects in less than an hour whereas in \atnimn-B] deficient subjects return was delayed 
Lii (1939) also studied the efTcct of muscular actmty on the blood pyruxmte of rabbits and 
found that the x aluc rose as a result of exercise but returned to the original value m about half 
an hour, Bollnian and Flock (1939) inx'estigatcd the effect of exercise on pyruvic acid m the 
blood and muscles of normal and thiaimn-deficient rats They found that though the blood 
and muscles of thiamin deficient rats contained more pyruvate than those of normal rats, the 
increase of pvruxate m contracting muscle was of the same older m both normal and deficient 
rats Table I summanres the results obtained In different w'orkers in the field — 


Table I 


The effect of ‘ cxerci<ic ’ on pyruuc acid tn (he blood and muscle of normal and 
llnannn-deficient human bangs rabbits and rats 

(Pjwuxuc acid m mg per 100 g or ml ) 


Subject 

:: 

ll 

X 

Cf 

O 1 

,5 

c; 

g 


c 

2 2 

5 o 

2 

C ' 

3 

o 

e 



^ y 

C w 

3 

to 1 

-C 

o 




c* 

— 1 



Man (blood) — 1 




1 

I 


2sonnal ' 

0 18 



0 00 , 

0 40 

0 27 

Kormal (cured cases) 

1 0 53 

0 79 



0 60 


Sub acute cases 

1 0 70 

0 86 


1 

0 87 


Rahbit (blood) 

(muscle) — 

1 1 34 

1 


4 08 1 

1 

1 34 


formal 

B, deficient 

1 1 62 

3 30 

4-0 

4-0 

1 A gradual return 

m 2 to 5 minutes 


Author 


Jolmaon and Edwards (1037) 
^Lu and Platt (1039) 

Lu (1939) 

Bollman and Flock (1939) 


Sarma and Bhagxat (1942) showed that an accumulation of pyruvic acid occurs m rice- 
moth larvse (Corcyra cephalomca St ) wluch have been reared on a thiairun-deficient diet This 
disappears on the inclusion of vitamin Bi in the diet The relation betw een thianun intake 
and the accumulation of pyruvate m the larvse w as closely analogous to that observed m human 
bemgs, rats, rabbits and pigeons It was felt to be of interest, therefore, to study the changes 
talang place in the pyruvic acid content of larv-c, both normal and Bj deficient, when they 
^ere subjected to strenuous ‘exercise’ 
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Experimental — Tlie technique of liandiing and rearmg of the rice-moth larvie has been 
described by Bhagvat and Sarma (1943) m a previous paper The larvae which were reared 
for ten days on whole wheat were transferred to a thiamin-deficient diet, which had the 
following composition — 

Grammes 



Puiified starch 

60 

V 

Autoclaved yeast 

10 


Purified casein ^ 

18 


Salt mixture (McCollum and Davis) 

4 


Sugar 

4 

r 

Shark-hver oil 

2 

\ 

^ 3 

Coco-nut oil 

2 


Total 100 


When the larvae developed thiamm deficiency, indicated by the accumulation of pynmc 
acid m a representative batch of larvae, the remaming larvae were used to investigate the effect 
of exercise on their pyruxnc acid content Normal healthy larvae were taken from the -whole- 
wheat diet and were simultaneousl-^ investigated The larvae in each case were divided into 
several batches of 7 to 10 larvae, and their weights recorded The lan’-ae were ‘ exercised ’ by 
touching the hmd jiart of the body by a soft pamt brush Each touch oi push made the larva 
move forwards in a jerk Fifty pushes were given as rapidly as possible Larvae were then 
taken at specified intervals and crushed m 10 per cent trichloracetic acid Their pyrimc 
acid content was determined by the method already described (Sarma and Bhagvat, loc cit ) 
Table 11 gives the results obtained with normal larva?, thiarmn-deficient larvie, and larvie ^yhlch 
after the development of thiamin deficiency were fed on the basal diet plus 5 ixg of thiamin 
per gra mm e of diet for a period of 10 days — 


Table II 

Effect of ‘ exercise ’ on tJie pyi uvic acid content of normal and thiamin-deficient larva) 
(Mg of pyruvic acid per 100 g of dry weight ) 


Initial 

3 minutes after 

30 minutes after 

45 mmutes after 

' 11 hours after 

3 Jioitrs after 

t 

6 hours after 

level 

exercise 

exercise 

exercise 

1 exorcise 

oxoroifio 

exorcise 




Normal larvce 




29 80 


MSM 

30 80 

30 10 

30 00 


27 42 



32 88 

27 00 

27 30 

- 



Thiamin-deficient larvce 



78 32 


02 10 

1 

i 

85 10 

1 

82 04 

■m 

82 04 


90 08 

t 

83 90 

82 00 


105 52 


108 80 


104 00 

101 00 



Thuunin-deficicnt laivoi subt>eqmnlhj fed on the basal diet 5 ff.g ff of 

Bi for ten days 


3J4". 

is 70 

30 90 


36 45 

34 10 


31. SO 1 

41 Kt 

40 50 


38 70 

37 08 
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' Talilo II sliows (Iiiif lliorc w i'' lui imrid'-i in (lie i)\ni\Mc n-ul content ol both nonnnl and 
tlinnnn deficient Innai after excrci’^e Siinilir results ire obtained \ntli larvro nlnch liad been 
cured of tlnannn dcficicnei TIic highest jnrmic aeid \ lines Mere found m lan'ro tested for 
three minutes after exercise Tlic time tahen for paruMc acid a allies to return to the origmal 
leieliras snbstantialh the same in normal anil thiannn-deficient larva?, ic the curve of 
pvnn 1 C acid response to ‘exercise’ Mas not influenced In tlnannn deficiency These results 
are in good agrcenicnt Math those of BoIIinnn and Flock (loc cit ), Mho observed no great 
difFcronco in tlie jiitiimc acid changes m tfie exercised iniisclcs of thiamin deficient and normal 
rats The p^Tn\atc changes in the ‘ exercised lar\ ro do, hoM ever, differ from those obtained 
m the case of blood b\ different Morkers, in thiamin deficiency blood-piTiivate valiies take 
a time longer than the normal to return to the initial lea el The results obtained Math the 
lariffi cannot, hoMoacr, stricth be compared Math those obtained Math blood It is believed 
that pvrmac acid is formed m muscle during exercise and diffuses thereafter into the blood 
stream Lnr\nl (issue is more closch analogous to imiscle than to blood 

It IS interesting to note the close sinniantc m the inocheinical functions of thiamin m such 
Midoly different organisins ns the rice moth lnr\n and homo sapiens It^mdicates lioM"closely 
thiamin IS bound lip Math carbolndrate inctabolism and suggests that its functions are the 
same m all organisms to mIucIi it is essential 

« SUMMARS 

1 An increase Mas observed m the p^TUMc acid content of normal and thiamm-deficient 
hariai, subjected to a period of strenuous ‘exercise’ The highest pyrmac acid values Mere 
found m lariaj tested three nimiitcs after ‘ exercise ’ 

2 The time taken for pyru\ ic acid a alues to return to the original level m as three hours 
and M-as substantially the same m normal and thiaimn-deficient larvte 

Biuowt nnd Saioia (1943) Ind Jour Med Hes , 31, p 173 

BotXMAS nnd Flock (1939) Jour Biol Chem , 130, p 566 

Toirssov nnd Edmabds (1937) Ibid , 118, p 427 

Lv (1939) Biocftem Jour , 33, p 774 

Lv nnd Piatt (1939) Ibid , 33, p 1538 

Sakma nnd Bhaocat (1942) Curr Sci 11, p 331 
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EIBOFIAMN AND PVJUDOXIN (VITA^tlN Bo) AS GROWID- 
PI^O:\IOTlNG lAVCTOl^S l?OPv PrCE-:\IOTH LARVA): 

{CORCl n I CEPHALOXICA ST ) 

it\ 

p s svinrv 

(from Ihr \iilntw)i //(mohA Iyil>nintnn< I R h i, Coonoor, S Ivdw ) 
llJi'ciiM''! for pulilicition, •'eptcmljor J, lliS ] 

Stiui of the nutritional rciiinreniont'' of insuts lia^ fe\calecl tliat like man and other 
nnmmnls, thc\ need various < onijionents of the \ ituinm B complev for normal metabolism 
and growth A considerable amount of work has been done on the growth-promoting 
factors needed In the flour beetle T’riAo/iam coi)ftii,um (Sweetman and Palmer, 1928, 
Barton-'Wnght, 1911, Frankel and Blewett 1942, Rosenthal and Reichstein, 1942) It 
lias been found that the tnboliiim requires thianiin, nicotinic acid amide and biotin for 
normal gronih Van t H 002 (1990) showed that thiannn and riboflavin are essential 
for the growth of the fruit fl\ (Drofopinht mdanoqaster) The ehemieal nature of the 
growth factors required In the rellow-fe\er mosquito (dSdes ngypli) was investigated by 
8ubbarow and Tragcr (1^19) Thor found that for the normal de\elopment of the mos- 
quito, fla%nnc or flaMne-punne complex p\Tido\m pantothemc acid and glutathione were 
neccssan Rubenstem and Rekhun (1999) showed that the grorvth of the lan'ee of galleria 
on a diet low m nicohnic acid was influenced In the amount of mcotinic acid added to 
the diet 

0 

The c itauim requirements of the nee-moth larc te {Corcyra ceplmhmca St ) have been 
studied wnthin recent )cars Swann and Sreemvasnya (1939) first suggested the use of nce- 
inoth larca; as test animals for Mtanun studies Sarnia, Swamy and Sreemvasaya (1942) 
showed that the larcai require Mtamm Bi for growth and that under certain conditions growth 
was proportional to the amount of vitamin Bj jirescnt m the diet It was also demonstrated 
that the lanm reqmre a fat-soluble factor whicJi is of the nature of a sterol (Sarma and Sreeni- 
vasaya, 1941) In the present commumcation it is shown that the rice-moth larva requires 
ribofla\an and p}'rido\iii (vitamin Bn) for giow'th 


Experbientai 


The choice of a basal diel — Exiieriments were first carried out with the object of finding 
a suitable basal diet, which would not support the growth of the larval except on the 
addition of pure water-soluble vitamins It had lieeu found eaiher that the larvie grew w ell 
on whole wheat and it appeared feasible to prepare a satisfactorv basal diet from whole 
W'heat by depriving it of the water-soluble vitamins wuthout otherwise matenally altenn" 
its chenucal composition This, it was found bv tiial could not be achieied either b\ 
extraction of whole wheat wuth acid or its cbgestion wntli pepsm The method which wus 
finall} adopted consisted of the extraction of whole-wheat jiowder -with 3 per cent sodium 
chlonde solution together with autolysis EiboflaMU is easily removed be the process as 
also vitanun Bq which accordmg to Birch and Gyorgy (1936) is lemmed to the extent of 
80 to 100 per cent by autolysis alone 


Preparation of the bueal diet — One hundn-J gtammes of w hole w heat pow dcr -nns stirred with one It 
per cent sodium cldoride solution One ml each of chloroform and toluene respectively v ere added to th ^ 

ond the whole solution uns kept nt room temperature for a period of 24 hours uith occasional sti ^ 
supernatant, yellon m colour was discarded and the process repeated three times, after which 
"■ashed with a litre of water to remove the salt After stnnduic ovemipht the siinematant wnc Sic. 

"•licat residue was filtered on a Buchner funnel and dried ' discarded and the 
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Weight in milligrams for ten larvae 


'LusLt ]L 




TI eujhl in )ii 

ilhgtanis j 

''rj} Itn hn Off’ 




Diet 


28 dn\s 

35 dn\s 

42 dais 

49 dajs 

1 

50 dn3R 

A 

Basal diet 


11 8 

11 7 

11 6 

11 0 

! 113 

A, 

Basal diet + thiuuiin + ii^ridoxiii + iiico 
time acid + calcium pantothenate d 
riboflavin 

11 8 

20 0 

9S 9 

190 8 

1 

All pupated 

1 

B 

Kiboflavm deficient diet 


24 1 

23 5 

23 8 

24 3 ' 

24 0 


Diet same ns Aj 


24 1 

50 4 

130 1 

211 4 

All pupated 

C 

Pjndoxm deficient diet 


41 6 

45 4 

43 4 

42 0 

42 5 

Cl 

Diet same ns Ai 


11 () 

84 7 

105 1 

1 

228 4 

1 

All pupated 


GRAni 2 





Gripli 2 — The efTect of pyridoxin and riboflavin on the growth of larvns 

( 30S ) 



Tlio'jc oNpcnniont'' ^\o^o rc]inrl((l with smiilii iesuU ‘1 CJnpli 2 rep^e‘^ent‘^ 

tlic po^'sntion of prowlli of ll\( 1 mu wlion on iil)ollii\m and pradoMii-deficient diets and 
its rc'^iiinption is conn is llie hr\tv iro tnii-foiRd to diets containing those ^^t^nllns 
The growtli cur\cs after the iddition of tliece Ml linin'- resoniblo tliose of lnr\fc on the i\hole 
who it diet 

111 a flirt lier soru'- of (\pfrinunts diet- \\«r« pnpired in wliiili iiliofiavin in solution w is 
(lo-tro\cd In iiridiation and hi lioitinu witli dUnli Ine of rilioflnMn solution "were 
cx]iosed to ultra \iolct held for hi niinute- uid ilio -oliition suliseqiienth mixed mth b g of 
the Tihoflas 111 deficient diet \iiotliii solid um toidaimiie "> of riliofliiMii s\as boiled mth 
0 1 e c of 2 X nlk ill for *) imiiiitos It w i- then (ooled and nciitralired wnth alkali Tlie 
resiiltiid solution was then mixed with “> g of tiio riboflaMii deficient diet 

Latwe wliuli were kc])t on a ribofi n in dc tu icnt diet for a period of 28 days were 
tikeii duided into scioril batches md jilieed on tlie diets shown in Table III Their 
iveialits are also eneii in Talilo III — 


I'miii III 


II ( (C/At III /(((t/i(/ru((('. for 1(11 till III 


Dal 


Iiiiiiiil 
n < lylit 


7 <li>\- 


14 rln\s 


-1 (1b\s 


28 days 


A RilmflnMn dcliciciU dn.t 

R I’lboflav in deficient die t -1 5 of nliolliivin 
‘olntion cspo«ed to nltrn \iolet liRtit for fill 
nunntec 

0 Riboflni in deficient diet 5 ii;. of nboflnviii 
solution treated Mitli alkali and noiitmlired 

It Riboflavin deficient diet lug of nboflaem 
per g of diet 


24 1 

25 ! 

25 S 

- 20 1 

25 5 

2'. 1 

25 s 

2b 0 

20 0 

25 7 

2'. 7 

21. 1 

20 3 

20 8 

20 1 

25 b 

4C2 

89 7 

128 0 

All pupated 


The results show that growdh took place only on the mclusion of riboflaann in the diet 
and that decomposed products of riboflaaun which are present in the solution after irradiation 
' or destruction with alkali haye no growth-promoting effect 

For expermients on the effect of nbofiayin on growth, larvie which haye been reared on 
the whole-wheat diet for a penod not exceeding 8 to 10 daj s should be used If bigger Ian re 
are taken from stock they do not stop growing when put on the nboflayin-deficient diet and 
many may reach the stage of pupation 

Fgbcf of different amounts of nbojlavin in the diet on the giouth increase of nhoflamn deficient 
hrvcB —It was of interest to im estigate the relation between the growth response of the nhoflann- 
deficient larvse and the amoimt of nboflann m the diet Seyeral diets were prepared contam- 
mg quantities of pure riboflasun ranging from 0 1 /eg to 5 /eg per g of diet Laryse reared on a 
nboflavm deficient diet for a period of 28 to 30 days w ere put on these diets and then- weights 
recorded after 7 days, 14 days and 21 daj s respectixmly Graph 3 shows graphically the relation 
between laryal growth and the concentration of nbofiayin m the diets 

It wall be seen from the graph that a Imear relationship was obsen ed between lam al grow-th 
and the concentration of nboflann m the diet up to about 1 2 yug of riboflayin per g of diet 
but thereafter there was a flattemng of the curyes The growth of the nboflayin-deficient 
laryse on the diet contaimng 5 /tg of nboflann per g of diet was more or less the same as 
that on diets contammg 2 6 ^ig per g of diet The maximum growth of the lam-ee was 
reached on diets contammg 2 5 /ig of nboflavm per g of diet and higher concentrations 
did not appreciabh increase the growth rate 
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Weight in milligrams ' for ten larvae 


Graph 3. 
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Graph 3 — Growth responBe to varying amounts of riboflavin 
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Preliminary experiments were carried out to discover whether the nboflavin-deficient 
larvee could be used to estimate riboflavm present in foodstuffs and biological matenals U 
was foimd by trial that the optimum range of concentration of riboflavm to work with varied 
between 0 /ig and 1 2 /ig of riboflavin per g of diet, smce the growth response of the deficient 
larv’^ie to different amounts of riboflavm within these himts was most marked Riboflavm 
was extracted by the usual methods and mcorporated m the nboflavin-deficient diet in sucli 
amounts that the concentration of riboflavm m the diet was within the range given above 

Five grammes of Torula yeast {Torula ntilis) were extracted by the method of Hodson and 
Noms (1 93<t) and an abquot of the extract was mixed with the nboflavin-deficient diet Cow s 
milk was mixed directly with the deficient diet m smtable amounts Test materials v> ere also 
]irepared bv addmg pure nboflavm to yeast extract and cowl’s milk to discover whether an} 
destruction of nboflai m takes place dunng the experiments No appreciable loss took plac^ 
RiboflaMn-deficient lan’ao were put on the several diets and their weights recorded after / 
and 14 davs respectively From the curves gl^en m Graph 3, the amounts of nbofla\nn 
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present in Torulii ^(‘nM nnd cow s nnlk w^ro found to be ns follows Torula yeast, 3S 2 fig 
per g md cow’s nnlk 1 *> fi<s pci ( i '1 lies( rcMdts aL'rec fairh well wntli those obtained 
In other workers nsniu other nuthods 

The land inctlioil of nssn (in iisefnlU In tinphned to estmiatc nboflaMii in \nrioiis 
substances It is Inulih niihkcK tint (olonnii" nintter ni the riboflavin extracts, which 
serioiish interferes with the flnoriiiictrK csliination of nboflaMii, will influence the growth of 
nhoflaMii deficient Inria* The lannl iiietiiod is probably simpler than the micro-biological 
method of fsiiell and Stronii (IbtO) m which bacterial contniinnation iinist be stricth molded 
and inhibiting substances renioicd to get acciintc results 


Disc 1 s^tetN 

The lane which are nboflaMii and p\Tido\in deluiciit iiiiu serve as 'excellent matenal 
for a studv of the biochemical and ph\siologKnl changes which occur m the Imng organism 
as a result of such deficiencies The deficient lirva could also be used for histological studies 
A studv of the bodv composition of the larva' fed on diets containing vairvung amounts of 
nboflaMii and pvndoxin might give interesting results 

The results further indicate that the rice moth larv a does not apparently need the other 
members of the v itamin-Bj complex for growth But this must be confirmed bv devusing a basal 
diet which is absoluteh free from those vata mins Biotin for instance is one of the compo- 
nents of the vntamm-Bj complex winch is not easil} removed by the ordmary methods of 
extraction, and it is not clear from the experiments recorded m this paper whether the 
larva; need hiotm for their grovrth 


Summary 

1 The nee moth larva (Corey ra crphalonica St ) requnes nboflavm and pyridoxin 
(vitamin Bo) for its growth It apparently does not need lucotinic acid and pantothenic acid 

2 The growth of riboflnvan-deficient larv a; was proportional to the amount of riboflavun 
added to the diet up to 1 2 gg per g of diet Larger amounts of nboflav m did not accelerate 
growth 

3 Rice-moth larv a; can -lie used for the estimation of riboflavin m foodstuffs and biological 
matenals 
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ACCmiUL VTION 0]-' PYRUVIC ACID IN RICE-MOTH 
LVRV.E (CU7?Cr/M CEPlLiLONlCA ST) FED 
ON A VITAAIIN B, -DEFICIENT DIET 

BY 

K.C\rAT.A BHVGVAT, 

AND 

P S S\RMA 

{Nu(ri(w)i l?t<cnrch I abora(oriCi> I R F I Coonoor S India) 

(nccencd for publication, Vpnl 8, lO-l"? ] 

It is bob full\ cstshlislicd tlint when c\pcnincntsl animals such as the rat or the pigeon 
are kept on a Mtannn Bi-deficicnt diet there occurs m the blood a marked accumulabon of 
carhontl compounds chieflt pannic acid (Thompson and Johnson 1935 , Li and Kn,to, 1940) 
Tins chamrlenstic riinngo has also been obseraed in the blood iinne and cerebrospmal fluid 
of persons sufTcnng irom ben ben (Platt and Lii 1930) In all these cases administration of 
a suitable amount of Mtamin Bi brings about a rapid fall in the pvrmic acid content of the 
blood to the normal let el V biochemical process of the same nature has been observed m 
lower forms of life, c p in the fungus of P bhkeshanu^ Haag (1940) has shown that in the 
absence of antaniin Bi there nas an accumulation of ptTimc acid in a glucose medium inoculated 
'nth spores of P b/o/csfcoiius Haag and Dalphin (1940) also demonstrated the production 
of pVTUMc acid when a medium detoid of Mtamin Bi was inoculated with a east and kept at 
25T for 24 hours 

In Men of these obscnitions it nas felt to be of interest to discoter whether the larva 
of common rice moth (Cntn/ra ccpJialonica St) for whose normal growth vitamin Bj has 
been found indispensable (SvaiiiN and Sreemvasata 1940) shows similar biochemical 
reactions \n additional object in taking up this investigation was to see whether the lan'ie 
could be empIo}ed for the biological determination of vitamin Bj The use of insect 
larva; for such a purpose would have the advantage over the use of large experimental 
ammnls such as the rat and the pigeon, in that it would effect a considerable economy of 
tune (the life-span of the larcv- being short) and also of experimental niatetial (punfied 
diets, synthetic vntainins etc ) Further the ease with which the larvae can be grown 
■md handled and the rapid reproducibihtv of results are other points m favour of such 
a choice 

The rice moth is a common species usualh found in godowns where nee and other grams 
are stored It belongs to the class of Lepidopterous insects and was first studied m detail bv 
Krishna Aw^r (1934) It is a ven destructiv^e pest in grain stores in South India, damagm<T 
Tuatenals like cholam (Sorghum lulgare) wheat, wheat bran, nee nee bran, Bengal gram, 
ground-nut seed, etc In general under conditions fav ourable to its dev elopment no matenal 
m storage escapes its attention 

The hfe cycle of the rice moth from egg-Iarv'se-pupie-moth lasts about 40 to 60 days, the 
penod V arying with the temperature, humidity and the gram on v\ hich larv^ie feed It feeds 
only during its larval period ditnng. which it undergoes eight moulting changes If the larvte 
are transferred from one cereal to another, e g from millet to wheat or wheat to nee during 
fhe penod of growth they will continue to feed equally readilv- 

The Mtannn requuemeuts of vanous species of insects have been studied withm recent 
years A few -suggestions have been made that insects rmght be used for Mtamin assays 
Thus, Rubenstem and Sekhiin (1939) have suggested the use of the larvm of gaUena for a 
sensitive biological test for detectmg rmnute amounts of mcotimc acid Swamy and* 
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Sieeiiivasaya (1939; liave ac1\ocated the list of iite-inotli fai vie as test auimalb for tatamm 
studies lu a later puLlication, Sauna S^\n^ny and Sreenivasaya (1942) have shown thattk 
growth of the larvie was propoitional to tlie amount of vitamin Bi present in the diet 


EXPERIM^^T‘\L 

f 

' Piepaiahoit of the die! — The basal diet used thioiighout the experiments had the following 
composition — 


Grammes 


Purified starch 

60 

Autoclaved yeast 

10 

Purified casein 

18 

Salt mixture (McCollum and Davis) 

4 

Sugar 

4 

Shark-liver oil 

2 

Coco-nut oil 

2 


Total 


100 


The casein and starch used m the preparation of the basal diet must be carefully punfiecl 
Even traces of vitamin in the diet will prevent the development of \utamm Bi-deficiency 
If such traces are present the accumulation of pynmc acid m the larvae will be small, eten 
when the larvae are fed on a deficient diet for a long time 

Starch was purified by keeping it for 48 hours m contact with 10 volumes of 0 2 per 
cent alkali It was washed first with acidulated water, then with water and finally 
with alcohol It was then dried either in the sun or in a vacuum desiccator Casern 
was purified by repeated dissolution in aUcah at 100°C and precipitation with dilute acid 
The precipitated casein was washed free from acid and then with alcohol and dned ui 
the sim 

Autoclaved yeast was prepared by autoclaving dried Torula yeast (grown on molasses) 
at 16-lb pressure for 6 hours in layers not exceedmg J inch and subsequent drying m 
the sun 


Proteins from Bengal gram {Cicer anelinwn) and gieen gram {Pliaseolus radtains) \yoTe 
prepared by extracting the powdered pulse with 6 per cent saline and dialysing the^ extract 
Albumin in the supernatant fluid was precipitated with dilute acetic acid and was added to 
the total globuhns The proteins were washed with water, then with alcohol and ether and 
dried in a vacuum desiccatoi over sulphuric acid Total wheat proteins were prepared by 
extracting whole-wheat meal with 0 2 per cent alkali and precipitating the proteins with 
acetic acid They w^ere washed free from the acid and dried in a desiccator 


The different constituents of the basal diet were ground up wutli a little water and then 
granulated through a 30-mesh to the inch sieve The granulated material was dried in a 
desiccator over sidphuiic acid and preserved m bottles 

Pdariiuj and Jeediiuj technique — ^As '■oon as the eggs hatched out the larva) were carefully 
picked up by a camel-hair brush and put on a diet of whole-v heat flour If they are given a 
vitamin Bj-deficiciit diet immediately after hatching, the mortality is very high Sarma and 
Srecm\asava (unpublished results) have observed that they grow better on whole ivlmat 
on am other cereal The lanm were kept m a large Petn-dish (G^^ diameter and J heigi ) 
111 the incubator at SOT with a humidity of 76 per'’cent After 15 clays, they were removed 
from the flour by means of a thin gla'^s-rocl, care being taken to see that none was injured c 
careful selection of the larca) vas then imdc so that only those of a fairlj luiifomi size were 
used for experiment The\ Mere geuth cleaned vith a camel-hair brush m order fo reinoic 
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Wcifclxt (ntf' ) of 10 larvnj 


1 IU ullicriii'! triLO^ of wlient Hour \fti'i i r< pri'Ciit itn e sini[)lo of 20 l(ir\fc]m'l Ircen taken 
for woigluii'i tIio\ ^\t^c IraU'-ftnod fo i Minll-bi/cil IVtn (li'5l fl’ flinmeter and ]' height), 
and tlie e\i)cnine!d d dud'' uero siiriiiKlcd on tliom in cmo'S of their requirements Ten lan’'a3 
wcretikcn it different intends of tune nid wnalied on a iiiu rob dance The increase in 
grovidh of the liT\ie as lien fef on different diets n shown gripliicalU in Fig 1 — 


I'lO 1 



Days 


It mil be seen from Fig 1 that the innse did not grow when fed on the basal diet alone 
or the basal diet + autoclaved yeast IVhen, howerer, tbe diet was supplemented 'mtli 
vitamin Bi or unautoclaved veast the grorrth response was good (cf Samia, Swaray and 
i^reemvasaya Joe cit ), though it did not equal that of the lan'ee fed ou whole-wheat flour 
Further evpenments suggested that the better growth on the whole-wheat diet was due, not 
to the presence in wheat of some unidentified growth factor or factors, but to the supenoiitn 
of wheat protein in supporting lanml de% elopment Casein was replaced by vanous proteins 
(at 5 per cent level) m the basal diet The growiih of the lar\ se when fed on the basal diet con- 
tainmg unautoclaved yeast and total wheat proteins compares w eU with that of larvte on whole 
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Weight (mg.) of 10 larvae 


wheat (Fig 2) Of the proteins studied casein seemed to be the least efective m proniotmg 
gro'ttdh In all subsequent experiments, however, casein nas used because of the ease with 
which it can be prepared and purified The mam object of the expenments was to study the 
metabohsm of pyrunc acid which is not dependent on the protein used in the basal diet ' 


Fio, 2. 



Accunnilahoy} of pyruvic acid tn laivce fed on a viiaium B\-deficient diet — ^The technique 
followed m these expenments was as previously described The larvae were fiist fed on a whole- 
wheat diet for 15 days, after uhich they were transferred to a diet deficient in vitamin Bj 
At this stage 10 larvee weighed from 8 mg to 22 mg A representative sample of 10 larvce uas 
weighed at mtervals ^Tien the larvae were placed on the vitamin Bi-deficient diet thei 
continued to show slight increase in weight for about 16 days, after which their weight became 
'stationary 

Pvni\nr acid was estimated at vanous intervals of time b} tbe method of Lu (19S9), u 
photo-electnc colorimeter constructed m the laboratories being employed From 8 
Inn fe weighing 20 mg to 75 mg as a group were taken for the estimation of pyruvic acid The 
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effect of trnnsfcrring'hr\fr> fed for Aniiotis uitcr ols of tunc on the ntaunu Bj-dehcient diet 
to diets cont unnig 1 /tg , 1 /jg nnl 5 //g of \itiniinBi perg i\asm\cstigatccl I'lg 33bo\^sthe 
incrca''C in the p\niM( nenl content of ht\a hosed on tests earned out on representative 
simples of 10 Isnmnt lanous st iges of dtlKunct Die lanro used for the estimation of 
p\Tu\ic acid iftcr nduiuiistration of Mtaiiiin Bj were s.implcs of the batches of larvie on tiluch 


hifl 3 


Accumidnlion of jjyruiic acid. 



the ascending curve (Fig 3) is based Table 1 shons the pvmvic acid content of lante on 
whole wheat and on the basal diet mth and without vitamin Bj For purposes of companson 
tfc also includes some blood pyruvic acid values for the blood'of normal and vitamin Bi-deficien 
if^ts, pigeons and human beings as reported by other workers 
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Tabli: T. 


Pynmc acid m the tissues of iioimal and vitamin Bydeficient laivai and in the 
blood of noinial and vitamin By-defieicnt rats ‘piqeons and 

human beings 


1 

2 

3 


4 

6 


0 


Lnr\rc on -nhole whent 


Lnrvoe on ■Mtnmin Bj deficient 
diet for 36 dn\‘< 

Lnn 'e from (2) transferred to a 
diet containing 6 (ig vitamin 
Bj per g for 66 hours 

Pigeon’s blood, normal 
,, „ deficient 

Eat blood, normal 
,, „ deficient 

Human blood, normal 
,, „ deficient 


P\ruMC acid 


185 to 205 mg /lOO 
of drv iroight 

164 3 mg/100 g 
dn 11 eight 

88 26 mg /lOO g 
dry Height 


0 84 mg /lOO e c 
5 86 

0 06 
5 62 

0 66 , 

2 36 


g 

of 

of 


Author 


/ Sarma and Bhagvnt (1942) 


Thompson and Johnson (1936) 
I'Ll and Knto (1940) 

|Lii (1939) 


It vnU be seen that the larvte, hke man and the laboratory ammals mentioned, accumulate 
pyruvic acid when fed on a vitanun Bi-deficient diet The amount of pjTUvic acid present 
v as reduced on the inclusion of tutanun Bj m the diet and the larvae showed an increase in 
weight In these particular exiieriments, however, the percentage disappearance of pynmc 
acid was not proportional to the anioimt of vitamin B^ added to the diet One of the 
reasons for this was that the ntainm Bj was not thoroughly mixed mto the diet Subse- 
quently it was found that when the ntamin was thoroughly mixed with the diets by gnnding 
the latter uith the reqmsite amount of a solution of 6ntanun Bi plus a httle water prior to 
granulation and dehydration a greatei fall m pynmc acid could be obtamed with a smaller 
concentration of ntamm Bj 

It is to be observed that the amount of jiyruvic acid present in the larvee, both in the normal 
and deficient states, was much larger than that present in the blood of man, rat or pigeon 

It was found that the accumulation of pyyuvic acid was influenced by the stage at winch 
the larvae were taken from the whole-wheat diet and placed in the experimental diet Wlien 
larviB wi^ighing more than 25 rag per 10 were taken, the accumulatioh of pyruvic acid m a 
given penod was much less than m the case of larvae jif lower imtial weight This point is 
illustrated in Table II The explanation is presumably that the larger larvae were able to laj 
in a store of intamin Bj during their longer penod on the whole-wheat diet The best results 
were obtained w^hen the imtial weight of larvae was 8 mg to 20 nig per 10 and larvae of this si7c 
were used in subsequent expenraents 


Table II 

Bffect of initial ueight of the larva; on the accumulation 
of pyruvic acid 

Initml weight ' Fed on iituminB, | Jig pjoniiic acid 
of 10 Inn T?, defieient diet for in per lOO g of dry 
mg days Height 



27 0 

22 

, 53 10 


36 2 

J5 

24 86 


S 2 

2G 

' ]0S 06 


17 1 

10 

67 04 
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Lnm? winch wore crown on wliolc whof llonr for Ifi (la\3 were transferred to different 


diets in groups of I'l I’liex were wciched wccKh and tlicir p}Tmic acid content was 
ditormined after 21 di\s I’lie results an gi\en in Table III — 

TtniF Tir 

Lfjcct of inuiuh amounts of iitamin 7?| on tJm yiouth and pyruvic acid 

contmt of lari a. 

— 5 



1 

\\ 1 K HT m 

15 L-VntA (MO ) 


1 



1 





Jig pyruvic 


lint 

1 



l)l\3 


acid/100 g 








of dry 








weight 



1 

0 

7 

14 

21 


1 

B r* -r \ Y — 0 05 pc 

\itaniin B, 1 

uo 

75 7i5 

Ui3 0 

172 05 

18 0 


IKT g 








r 1) -1- V Y - 0 I i,c 

ntimin B, 

12 7 

03 20 

1 I") 

205 20 

20 4 


jH-r g 






1 

3 

BTl-^A'V — 05 pg 

\ilnmin B, 

il S 

72 51 

142 6 

213 76 

1 , 20 43 


per g 




1 


1 

i 

B D 4- V Y - 1 0 pg 

Mtaiuin B, 

1 37 1 

77 IS 

lb3 3 

277 0 1 

t 20 S 


per g 







5 

B 1) 5 Y 4_ i5 0 pg 

titnmin B, 

32 3 

7s 94 

195 05 

201 0 

14 0 


per g 


1 





0 

B D -r V T 

1 

1 

1 17 3 



00 33 

79 6 

7 

BU-fAY4-02cc rat’s hlood 

20 0 

01 1 

J330 

1 

102 3 

32 64 

S 

Vholc wheat 


30 0 

133 0 

1 

1 

1 


10 20 


B D = Brtsnl flict 4 Y = Aiitoclnicd yenst 


Talile III shows that e\en minute amounts of Mtamm Bj were sufficient for the 
maintenance of proper growth and for the jire\ entiou of the accumulation of pyruvic acid m 
the Ian re An additional confirmation of. this ohser\ation was found when purified and 
Unpunfied tapioca starch was used in the preparation of the hasal diet The unpurified starch 
presumably contained only a trace of \utamin Bi and yet that amount was sufficient to prevent 
the accumulation of pvnmc acid (Table IV) In experiments of tins nature it is necessary 
to me purified starch 

Table IV 


The effect of using purified and %t7ipunfied starch on the accunmlatmi 

of pyruvic acid 


AIo rvauvic acid/100 c of nax 
ivEioirr 


I 

Found 

1 


Theoretical fimire 
03 calculated from 
the graph in Fig 3 


1 I arra? on punfied starch 
o 


(1) 112 0 ' 120 0 

' (2) mo 

t (1) So 03 
1 (2) SO 03 


unpunfied starch 
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120 0 
155 0 



Farr gro-nfcli took place on the diet containing rat’s blood (Table III) and accumulation 
of pyruvic acid was low, indicating that the amount of blood included siipphed sufficient, or 
almost sufficient, vitaimn Bi to cover the needs of the larvae In a further expenment 0 2 c c 
of pigeon’s blood was added to the diet This was obtained (a) from 5 normal pigeon, 
(b) from a pigeon suffering from ‘ poljmeuntis ’ niduced by feeding a diet of raw v ashed 
machine-milled rice for 4 weeks, and (c) from the same pigeon after the ‘ polyneimtic ’ signs had 
disappeared following the mtravenous injection of vitamin Bj In another expenment human 
imlk was added to the diet These diets were fed for 70 hours to lan'm in a state of ntamin Bj 
deficiency The Tlood from the polyneuritic pigeon induced onh a slight reduction in 
pyruvnc acid, while the other supplements caused or induced a greater reduction The 
results of these experiments are shown in Table V — 


Tabli!, V 


Fall w ]njnwiG acid on hansfernnq deficient larva’ to diclk contaitiing 

blood and mill 



■ 

Mo PiRtme acid/100 c 

OF DR\ V EIGHT 

• 

1 

1 

1 

Initial 

After 

70 hours 

\ 

1 

! 

1 

Basal diet 

121 92 

1 

' 140 60 

2 

Basal diet -1- 0 2 c c iiormnl pigeon’s blood 

121 94 

76 00 

3 

Basal diet -f- 02 00 pohneuntio pigeon’s j 
blood 

m 

i 

108 40 

4 

1 

Basal diet -p 0 2 c 0 blood from polj'ueuritio 
pigeon after relief of sjTnptoms on vitamin 
B, injection 

121 94 

66 20 

5 

Basal diet -p 0 2 t c human milk {normal) 

173 12 

i 

87 SO 


These jirehminary exjieriments suggest the possibiht) that the larvae imght be used for the 
letectioil of minute amounts of vitaimn Bj present m blood and other biological materials 
ind incidentally for the study of amtammosis B] 111 man 

Discussion 

These experiments indicate that the biochemical role of ■mtamin Bi in the insect species 
studied IS essentially the same as 111 man and m other mammals The parallehsm in this respect 
between such svidely different orgamsms is of great biological interest It suggests that vitamin 
Bi is essential to all forms of life, except jierhaps the most lowly, and that the biochemical 
processes v itli u Inch it is concerned are of fundamental importance in the metabolism of living 
tissue The techmque described is susceptible of development m several directions for the study 
of the f imctions of the \atainin The larv a? are small and easy to handle, and bxjierimenta) 
results can be easily and rapidly reproduced Mention was made abo\ e of the possibility of 
using the larvm to detect minute amoxuits of ^utamm Bj Another possibihty is their 
use in ln^ estigating changes in the milk of mothers whose infants develop acute ben-ben 
Some workers hold the ^^ew that mfantile ben-ben is essentially an intoxication, due to 
the presence in the maternal milk of a toxic factoi vluch is the product of deranged 
carbohydrate metabohsni m the mother The feeding of such milk to laix’^m might throw hght 
on the problem 
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bOIMATlY. 


] V technique for Iniullinc niul rennn'r nee moth Inrvrc is desenbed The hrvte -enll 
proiv on s fnssl diet eon-'isfiiiq of y licit protein least salt and shark-lner oil 

2 'Wlicn the hna> arc fed on a Mlanmi B; deficient diet, the\ accumulate pjTuaac 
acid like man and laboratori aninmh Tln-^ ili'appcars on the inclusion of the aatamm in 
the diet 

3 Onl\ a trice of Mt iniin Bj is ncce'.var^ for the promotion and maintenance of groiv'th 
and preientinp the actiimiil ition of p’ nnu acid The Iar\ai can thus be used for the detection 
of len siinll amounts of tiic Mt iiiim in Inolomcal materials 
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Thanks arc due to Dr N* B Bliatt, Lecturer m \coustKS Indian Institute of Science, 
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THE EOLE OE E \TX’TT'^[ VEI) VITVMTNS IN TUBERCULOSIS 

STi DR s OE M:in M r\i rn n ie \Er) tx BEiicrLor.'^ subjects 

u\ 

B B lUI Ml) r s (PI) ) 

Riuitrdi Schohit, 

\\D 

xumx ms KKIIVU m-^. (PP) ^co (Johns Hopkins) 

(From tin \v>i»nl RnInUoit Sidio)) Jmprnnl Tdot^ari/ Research InsMnir hainapar) 

irtccpi't^l for putilicMion, June H, 1043 ] 

Till stcadih incrcoMini \ohinio of htcrnturo on niTcstinp; the scourge of tuberculosis 
heirs tcstnnoni to the interest taken b\ research workers all over the cmhzed tvorld m 
problems relating to dilTcront nsjioets of this disease This is not surprising m view of the 
fact that tubcreiilosis is rc-iponsiblc for a \eri large number of deaths annually besides 
nicipicitating for arduous work a still larger number who happen to escape its more serious 
consequences 

Since cikium is frcquentlj adiocated m amchorating tuberculous conditions it was 
eonsideretl adiisil^lc to find out tlic specific nJe plated bv calcium in this disease 

In their extensne intestigations the early students of tuberculosis discovered the 
occurrence of calcareous dejiosits in old pulmonary lesions Bnillie (1797) regarded the earthy 
concretions m tuberculosis ns ‘ a rare appearance of the disease ’ Boyle (1810) considered 
* calcircou" phthisis’ ns a separate incurable form with tery few clinical manifestations and 
he assumed that it niav become fatal in cases with an excessive accumulation of calcareous 
matennl m the lungs Laenncc (1820) found calcareous collections a frequent occurrence in 
old tuberculosis lesions and in the walls of caxities 

The frequent finding of these earthy concretions in healed tuberculous foci, therefore, 
suggested to the early worker"! that calcium might be essential for their repair Local and 
general calcuini deficiency was thus to be expected m an acute tuberculous process and Robin 
(1894), in examining the ash of tuberculous and normal organs, found a diminution of calcium 
m tuberculous organs This new stimulated considerable research on calcium metabohsm as 
this nuneral is one of the chief basic constituents of the bodv frame work In addition, calcium 
IS kmown to be of xntal importance to the body because of the part it plays in the coagulation 
of the blood, in the irritabihty of the heart and m the excitabihty of the central nervous 
svsteni In new of these fimctions, Potteuger (1924) considered the administration of calcium 
of particular value in ameliorating tuberculous conditions 

Since, accoTcbng to Halverson el al (1917), Kramer and Tisdal (1922), CTuickshank (1923) 
and Georgy (1921), the blood cells are almost, if not entirely, devoid of calcium, it was considered 
that the amount of calcium in senim would give a measure of the extent of the demmerahzation 
which had occurred and of the seriousness of the disease However, although a number of 
imestigatoTs have attempted to estimate the serum calcium of tuberculous subjects there 
seems to be a dn ersity of ojimioii in their findings Titus, whereas Tephtz (1925) Greisheimer 
and van Winkle (1927) Brockbank (1927), Dolgopol (1929] and Kaminsky and Daaudson (19311 
found low calcium values in far-advanced cases shmving extensile lesions and httle variation 
m Riil^ects with quiescent lesions, as compared wath normal individuals, Halverson c( al 
)nnd Matz (1925) found either no denation from the normal or a'sh^ht mcr/.nR., 
and moderate tuberculous cases 

In order, therefore to stiidv the rule of calcium in tuberculosis, it is first of all necessarv 
10 ahuh the variations m the serum calcium as affected bi the vanous stages of the di ^ 
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An important prelirmnary, however, to this is the study of the serum calcium m normol Indian 
mdividuals since, as has already been pointed out by Solhey (1936) and Kehar el al (1940) 
the figures obtained by workers m other countries might not appertain in India owing to 
differences in topography climate, diet and heredity 


Experimental 

The serum-calcium estimations were conducted in an imselected group of pabents 
suffering from pulmonary tuberculosis This group included men and v omen of different ages 
and of different social and economic status with varying stages of iiivoh ement of the isease 
Specimens of blood were obtamed in the morning before any food was ingested Most of 
tbe sub]ects were persons of average means and their ages ranged from 16 to 46 years 

In order to obtam normal standards for comparison, a senes of serum-calcium estimations 
was conducted on healthy subjects h\nng under similar conditions 

The serum calcium was estimated by Clark and Colhp (1925), a modification of Kramer 
and Tisdal’s (1921) method 

Results and discussion 

Tables I and II show the amount of calcium in the serum of healthy subjects The 
average value proved to be 10 84 mg per 100 ml serum (mm 9 00 — ^max 13 20) m the 
ease of men and 10 43 mg (min 8 00 — ^max 12 40) in the case of women Rimilar values 
were obtained by Kehar (1931 unpublished) in a group of 75 men betw^een 16 and 60 years 
of age 

Table I ' 


Semm caldum of healthy men 


Number 

Date 

i 

Name 

Age, years 

Alg of Ca 
per 100 ml 

1 

6-9-39 

s 

A 


! 15 ' 

12 00 

2 

11-9-39 

p 

C 


. 38 

10 00 

3 

10-10-39 

' H 

B 

S 

30 

9 00 

4 

1 10-10-39 

C 

P 

S 

1 18 

9 25 

5 

10-10-39 

! 0 

P 


' 28 

9 26 

C 

10-10-39 

1 c 

S 


' 30 

9 00 

7 

1 17-10-39 

1 G 

S 


28 

11 00 

8 

' 18-10-39 

1 R 

R 



10 40 

9 

4-11-39 

0 

L 


1 

22 

11 26 

10 

4-11-39 

R 

K 


26 

12 60 


, 4-11-39 

B 

L 


62 

12 00 

12 ! 

[ 4-11-39 

B 

L 


30 

10 30 

13 , 

0-12-39 

P 

N 


26 

13 20 

14 

6-12-39 

P 

C 


20 

11 00 

15 

' 8-12-39 

R 

A 


34 

12 40 

16 

8-12-39 

R 

B 

S 

32 

10 90 

17 

12-12-39 

R 

C 


34 

10 00 

18 

28-12-39 

A 

K 


24 

10 80 

19 

28-12-39 

B 

M 

L 

18 

11 00 

20 

28-12-39 

G 

S 


26 

10 80 

21 

29-12-39 

P 

G 

N 

37 

10 80 

22 

2-l-^0 

M 

S 


38 

11 40 

23 

6-1^0 

B 

D 

S 

36 

10 80 

24 

14-1-40 

H 

R 


20 

10 40 

26 

6-1-40 

P 

L 


32 

11 00 

20 

12-1-40 

M 

R 


38 

10 20 

27 

I 12-1-40 

1 A 

1 

1 

N 


39 

10 20 

Average 


10 84 


/ 
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T\in> II 

kirii)}) ciliUDnnf hcallliij iioinen 


I 


Xumbcr 

1 Date 

i 

1 

Name 1 

Age, years 

i 

1 

i 

Mg of Ca 
per 100 ml 

1 

3-10-39 

t 

I 8 

D I 

OO 1 

8 00 

f> 

10-10-30 

1 8 


i ^0 

1160 

3 

' 17-10-30 

1 31 

D * 

1 20 

1100 

4 

, 22-11-30 

1 G 

S 

30 

10 00 

5 

22-11-39 

1 T 

D 

20 

10 70 

0 

23-11-39 

1 G 

P 

30 

10 40 

7 

, 28-11-30 

1 G 

D 

25 

12 40 

8 

8-12-30 

' n 

P 

35 

10 00 

0 

1 20-12-39 

\ 

D 

38 

10 80 

10 

, 27-12-30 

p 


40 

10 00 

11 

27-12-39 

11 

P 

18 

10 20 

12 

27-12-39 

n 

n 

22 

11 00 

13 

27-12-30 

' 31 


22 

10 20 

14 

28-12-39 

, S 

R 

38 

1100 

IS 

2S-12-30 

B 

D 

22 

10 20 

10 

, 28-12-30 

r 

P 

28 

11 80 

17 

29-12-30 



20 

, 10 80 

18 

29-12-39 

n 

P 

24 

' 10 00 

10 

G-1-40 

R 

D 

40 

8 80 

20 

t 12-1-10 

R 

K 

1 28 

0 10 

21 

12-1-40 

s 

R 

' 38 

10 80 

22 

, 13-1-40 

R 

K 

38 

10 20 


AvritAOE 


10 43 


The normnl range of senmi calcmm as fonnd bv some other rvorkerB is given in 
Table III — 


Table III 

Calcnm content of normal hitman blood sentm found by other observers 


Mo OF Ca per 100 jrL 


X' e *1 LNumocr oi 

>»nmc of autlior«i 

cftses 

Mm 1 

Max 

Average 

Ro^en and Kminow (1926) 

60 

10 7 

13 2 

11 60 

ilatz (1926) 

60 

90 

12 0 

10 28 

Roe and Khan (1928) 

60 

90 

11 6 

10 16 

Kammakv and Pandson (1931) 

164 

7 52 

11 62 1 

9 99 

Polpopol (1029) 

10 ' 

i 9 20 

1140 

10 08 

Denis and Hobson (1923) 




10 00 

Jenson (1925) 




1246 

Howland and Kramer (1021) 1 


1 


10 00 

Present workers (1943) | ' 

27 

22 

900 

8 00 t 

13 20 

12 40 

10 84 

10 43 


In order to find out vrhether any relationship exists between semm calcram and the 
seventy of the disease, the patients were divided into two groups, xiz ' early ’ and ‘ advanced ’ 
stages of tuberculous infection 
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Tabll ly 


Sown cfilcmm in ‘early’ and ‘advanced’ 2nthnona)y luhocidosis 


stage 

Number of 

Sfrcm Ca ix MO rnn 100 ml 

cases 

Jfin 

[ Ufax 

! 

A\ erage 

Enrij stage { 

2L 

19 

C 75 

S40 

12 no 

' 12 00 

0 82 

10 33 

Advanced stage | 

20 

22 

1 

6 80 

7 80 

1 

12 40 

12 GO 

9 01 

10 03 


It will be observed from Table IV tJiat when tbe average values for serum calcium of 
liealtby persons, both male and female, are compared v itli those for early and advanced cases 
of tuberculosis, tbe latter are defimtely lov er as shown by significance tests, but betw ecu tlic 
two types ot cases the difterence in the averages is not sigmficant AATiile the oii'^et of 
tuberculosis seems to reduce sermn calcium the available e\adence does not suggest that, with tlie 
process of the disease, there is a correspondmg fall in the calcium content of the serum 
The serum-calcium concentration in the ‘ active ’ and ‘ quiescent ’ stages of the disease 
was further exammed and it was found that both men and women in the ‘ active ’ group show'ecl 
a lower average than those in the ‘ qmescent ’ group These observations compare favourably 
vuth those of Kammslcy and Davidson (loc at ) and indicate a greater denunerahzation in 
active tuberculosis The difference in the sermn-calcium level in both the ‘ actii e ’ and 
‘ quiescent ’ stages of the disease as compared wijbh the healthy individuals is significant in 
men though not in women 


Table V 


Serum crdcium in ‘active’ and ‘quiescent’ puhnonaiy iubocidosis 


StRge I 

1 

1 

Number of 

SeBVM C\ IX MO PEE 

100 MI 

oasp^ 

[ i 

Mill 

1 

1 Max 

1 

Average 

Active stage j 

® 1 iVoiucn 

28 

18 

5 80 

7 80 

] 1 00 

12 00 

9 2^ 

9 70 

Quiescent stage { 

20 

23 

7 00 

8 to 

12 40. 

12 00 

10 19 

10 33 


Several tuberculous patients ^vlth a historv of haemoptysis were also examined and the 
esults given m Table W were obtamed — 


Table W 


^ I SeRUIVI Ca IN’ MG PER 190 ML 

Number of 



1 

cases 

Mm 

jMax 

A.\ erage 

Cases Mith a hioto ^ of 

( Men 1 

8 

7 20 

11 00 

0 98 

hxraopt\«|.- 

{ Women j 

7 

8 00 

1 

; 12 00 

10 22 

Ca'os without a hi-.tor\ 

f Men 

40 

5 80 

' 12 00 ' 

0 7S 

of ba>mopty-is 

\ M omen 

34 

7 SO 

1 1 2 00 

1 1 

10 20 



It will 1)C <<0011 tlinf litlioiu'lt 111 tin < iM' of men there ib n detrease m the serum 
ciknim ns comjmrcd with the incnme jUFrinil tnhnim nnlues there appears to be little 
clnnuc in the cn=e of women ]n(ientv 'I he httleditTi rince oheerNod m the case of men also 
i? not ctatisticnlK '^icmfiennt Knimn--k\ ind Dii\uKon (lor ni ) also failed to find any 
npprecinblc \nnn1ion nlthonirh lhe\ do not mention whetlier their subjects were male 
or fomnle 

It Ins been pointed out that if tlie patient'- ire dn ided into different groups as — 

Iledtln I' cnrl\ lledtln ' ' .uhanced I 

ITciltln n nitue lloiltln n quiescent I 

Qijie'iicnt I' i(*i\e I'aiK iv ad\nnced 

and the difference in the acenge edemm lontent is toiisidercd with a probability of 5 per cent 
or Iocs as the lo\cl of sipmrKnnce the xaintions from tlu normal aie significant m the case 
of men m all the "rnujis c\icpt the hist whcieis thc\ ire not significant m the case of 
women pit lent s 

Si mm \it\ 

The s(_runi c'lhiiim of I'l hi dth\ ind J7') tuberiuloiis men and women living under 
iilciitiral conditions was estimated It was fouml that — 

1 The aicracc amount of scrum cdciiim in men is 10 84 mg and in women 10 43 mg 
per 100 ml 

' 2 \ significant decrease his iieen found in the ease of men m the early, advanced, active 

and cpiiescent stages of the disease as compared with healthy individuals Howeaei, between 
earh and advanced cases the differences in the averages for scrum calcium are not significant 
m respect of both men and women 

3 Xo significant decrease has been noticed ^n tuberculous women patients m different 
stages of the disease as compared w itli the 1 ealthv st-atc 

4 Hmmoptvsis does not seem to affect the level of serum calcium H 
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DISTRIBUTION OF BLOOD OROUTS AMONG DIFFERENT 

roMMUNiTTEs IN THE Go^ ern:ment :\iental 

ITOSPITVL MVDRVS 

in 

V IM^r\lvRlM^^ V HLODJ n (Hoii^ ) i-h d 

('uininr (hi\nt\iiunt l/m nw Madra') 

1 Ilccrn (.-(I for puMiiiilioii Miircli J't 1'I4(] 

J Ilf blood of 1 lf<l ])i(icnfs of tlic Go\ eminent Akntil Hospital, Madras, t\as typed 
Tlie patients belonged iinnih totlie followni" ISconnnnnitics Holiamniedan 161, Brabnun 166, 
Indian Clinstnn 111 Adidmida 70 Clietta GO "Mndaliar 50, Anglo Indian 69, Asan 37, 
Baliga 31 Redda 29, Rdlai 2() Naidu 25 Go\\nder21 Nadar 10, Nair 56 Thiya 64, Naiker 14 
and Kunumra 10 The ]ierccntncc of the blood groups together ^\Itll the frequencies of 0 
\ and B and the bioehcinical indites are ‘'liown in Table I — 


Tai« l I 

<S/ioitiiiy till jKrcenliKiL of Iht blood ijroupt,, ihcir frciji'cncicb and biochemical indices 
of ihc lanoiis connninutics in (he O'oicrnmcnt Mental Hospital, Madras 




111 ( 101 , (inotr 

1 Luci vrvuK'* 



l-KEQl LSCaES 


Nome of Ih' 

NumiK r 





BiihIk niiral 




rommiimU 

of perenn'* 




1 

index 


1 



ttlK-d 

U 

A 

11 

\11 

1 


r 

P 

? 

Mohnmracdim 

1I>I 

,77 9 

i 

21 I 

20 0 

1 

1 1 

1 07 

7 476 

\ 

, 1 289 

1 23 

iirahmin 

in-, 

4,7 8 

10 4 

29 7 

6 1 

0 7 

0 769 

' 1 3076 

1 0236 

Indian (Jhnation 

HI 

37 4 

17 0 

38 1 

69 

0 54 

0 no 

1 306 

2 681 

Adidravidn 

70 

32 9 

' 17 1 

47 1 

29 

0 4 

5 730 

1 105 

3 069 

Chettj 

00 

21 7 

23 3 

48 3 

07 

0 64 

4 059 

1 8486 

3 4926 

A'E'c Indian 

60 

01 5 

25 0 

10 3 

2 0 

2 3 

7 843 

1 608 1 

0 640 

^ludalmr 

70 

13 93 

23 21 

33 03 

8 93 

0 76 

6 826 

1 744 1 

2 431 

hanr 

60 

31 20 

25 0 

37 6 

, 6 25 

0 08 

5 501 

2 801 

1 748 

Thiva 

o4 

57 1 

, 35 7 

72 

1 

4 8 

7 666 

2 0296 

0 4146 

Asan 

77 

36 1 

27 0 

37 9 


0 71 

6 020 

1 7146 

2 3695 

Baliga 

13 

45 6 

1 23 2 

23 2 

' 0 1 

0 

7 063 

1 4685 

1 4666 

Beddj 

29 

02 1 

10 3 

24 1 

36 

05 

7 871 

[ 0 0766 , 

14626 

Pillai 

20 

38 46 1 

1 16 38 

38 40 

7 7 ‘ 

0 89 

0 201 

1 1836 

2 6166 

Jiaidu 

25 

36 0 

16 0 

48 0 


0 33 

0 008 

1 029 

2 7016 

Colder 

21 

33 3 

23 8 

42 9 


0 65 

6 771 

1 6276 1 

2 7016 

Nadar 

IG 

18 8 

25 0 

60 2 


0 46 

4 330 

1 8105 ' 

3 8536 

Aaikar 

14 

78 6 

14 3 

7 1 


1 93 

8 866 

i 0 7676 1 

0 3776 

A-Umraatu 

10 1 

20 0 

10 0 

60 0 

20 0 

04 

4 472 

i 

1 3286 1 

1 

4 1906 


The frequencies are oMculated according to the foniudsc eniploted by M elhsch (1929) 
and Parr (1931) _ 

T — frequency of A =1 (10 — i + VO + A — vO +T3) 

9 = frequency ofB = ^(10 — rd--i/0-)-B — VO A) 
f = frequency of 0 = 0 

The biochemical index is determined accorduig to the formula 

The relation between the percentage of A and B blood groups in the different commumties 
IS shown m the Chart — 


J, JIR 
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The biochemical index of the Thij-as ib very high It is higher than the highest biochemical 
index of the European types given by Snyder (1926) The biochemical index of the Anglo- 
Indians appioaches the lowest biochemical index of the European types The biochenucal 
indices of the most of the commumtieb fall within the Asio-Airican type of Sappers and 
Parr (1934) 

A study of the blood groups on a linguistic basis reveals the fact that the biochemical 
indices of the Telugu people and the Canarese people aie similar, while those of the Tamils 
and Malayalees are almost identical The blood group percentages, frequencies and 
biochemical indices of the Telugu, Tamil, Canarese and Malayalam speaking peoples are given 
in Table II — 


Table II 

Shoxnng the 'percentages of the blood groups, their frequencies and biochemical indices 
of Telugu, Tamil, Canarese and 3Ialayalam speaking peoples 


Name of the 
communiU 

Number 
of persons 
U-ped 

Blood orout 

PEROELTAGES 1 

Biochemical 

mdex 

1 

Frequencies 

0 

A 1 

B 

AB 

r 

P 

1 ’ 

Andras 

SSI 

48 9 

1 

25 4 

40 1 

0 80 

0 993 

1 4 

r 1 007 

Tamils 

577 

89 0 

22 9 i 

33 9 

4 2 

0 72 

i 6 240 

i 1 5416 

2 2125 

Canarese 

S2 

50 0 

21 0 i 

25 8 

3 2 

0 84 

7 071 

1 3246 

1 0046 

'Mala\ alecs 

191 

30 0 

30 fl 1 

30 9 

i 

I 64 

0 74 1 

1 6 533 

1 9236 

2 6535 


In Table III are gi\en the values for the Hindus within the hospital along with the values 
gi\ on bv other w orkcrs — 
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Tlie values given herein do not diftei very inucli from tliose given In .Sesluulrniathau and 
Timothy (1942) 

AcaNOM LhDG^lL^ 1 S 
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Museum llfndras for Ins kind interest during the course of this work 
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luar Vf! Uk 31, 1 (hUilHr I'tl > 

DISTRIBIjTTON of BL(F)]') (JHorP"' \^I()XG SOME DONOES 
TO THE -^rVEK \.s BLOOD BANK 

AMTH \ DISC1 s^lO^ ON THL KLL VTlOA'sllir BimVlA-A NEUROPATHIC 
CONDITIONS \ND RI OOD (4ROUPS 

in 

\ R \M\KRlsHN\ RlJ)!)l hm (llonsIrliP 

Curntor Coi.ruiiirii/ Vu-iuw Mnilro'^ 

(I'ffiiMil for piililicitioii Xpril 10 104 ! 1 

liii- IiIihkI of 5^0 iloiior^ to tlic Mmlrns Blotxl Binlw » is fxrfiujied Soinples of blood 4!erc 
collected from tlie donois in fc=t-ud>cs innt'iwin" 5 r i to 1 o i of 2 5 per cent sodium citnte 
Mlution The smuples \\crc then brouplit to the Go\ eminent Museum Madras, for grouping 
The nietliod of mncro'-copie slide agglutination was emploied and the sera were supplied by the 
King Institute, Gulnd^ The donors w ere compo«cd mninh of Brahmins (132), Nairs (147), 
Timas (113) ‘Mohammedans (bj) \nglo Indians (37) and Indian Cliristians (27) The per- 
centages of tlie blood groups tlieir frequencies and biochemical indices were calculated "as 
desenhed in nn preaaoiis ]ia]>cr and the results are set forth in Table I — 
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00 
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29 43 

3 S27 
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0 55 
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2 21 

7 

^rohamniedans 

05 

42 11 

25 21. 

30 53 

2 105 

0 S4 

6 48 

1 61 

1 91 

S 

j Indian f hnstians 

27 

40 74 

>> 22 

33 33 

3 703 

0 70 

0 4, 

1 1 405 

2 135 

0 

^nglo Indinn‘» 

n 

48 05 

V> 14 

13 52 

2 703 

2 33 

0 93 

, 2 175 

0 895 

10 

Furoprnn-J 

' It 







1 



Total or all 

TFR-SOXn T\T*Fn 

002 







1 



The results for the aanous comnuimlies are in agreemeut anth those of the previous 
porkers The figures for Tluyas and Anglo-Indians confirm the authors preauous figures 
or the same communities These results haa e to be explained by takmg mto account the 
^cial crossing that has been taking place for a long time in these communities 
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Discussion on nturopatuic conditions and dlood groups 

In a previous paper (Reddi, 1943) the author has given the distnbution of blood groups 
among 1,181 patients of the Government Mental Hospital, Madras The patients were classi- 
fied according to the case sheets of the hospital under eight neuropathic conditions, i e (1) 
schizophrema, (2) dementia praicox, (3) senile psychosis, (4) toxic psychosis, (6) puerperal 
psychosis, (0) epileptic insanity, (7) mental defective and (8) mania Table II gives the figures 
for the distnbution of the blood groups for the vanous t\ pes of mental diseases — 


Table II 


o 

Type of 

Total 
number of 

BrooD 

GROUP 

' PERCENTAGES 

Biochemieal 

I 

FREQlrE^CrES 

"s 

p 

condition 

1 

1 

persons 

typed 

0 ' 

A 

B 

AB 

1 


indev 


r 

! 

P 

? 

1 

1 

i 

Schizophrenia | 

231 

46 9 

10 9 

34 6 

; 20 


0 52 


0 776 

1 0886 

21365 

2 

Dementia pnecox , 

27 

40 8 

22 2 

29 6 

74 


0 8 


' 6 389 

1 6795 

2 0316 

3 

Mama | 

247 

40 8 1 

26 4 

29 8 

40 


0 89 


, 6311 

1 7116 

1 9776 

4 

Mental defective i 

332 

41 3 ' 

22 3 

31 C 

48 


0 74 


1 6 442 

1498 

2 06 

' 6 

Epileptic insanity 

07 

37 3 

34 3 

25 4 

30 


1 31 


0 108 

2 2176 

1 6746 

r 

Senile psychosis 

93 

43 0 

22 6 

29 0 

64 


0 81 

1 

1 6 711 

1 4616 

1 8376 

7 

Puerperal psyohosisj 

121 

47 6 

19 0 

28 6 

4 8 


0 71 


I 09 

1266 

1834 

8 

Tovic psychosis 

03 

34 9 

«■ 

27 0 

33 3 

4 8 

1 

0 83 


1 6 907 

18616 

2 2416 


The figures for one neuropathic condition do not show any significant deviation from any 
other type of neuropathic condition Only m the case of epileptic insamty and toxic psychosis 
we get a high percentage of the blood group A This is not due to any linkage between tie 
particular neuropathic condition and the blood group concerned The patients under these 
neuropathic conditions are mostly Anglo-Indians and Thiyas who normally exhibit a high 
percentage of A If we compare the distribution of blood groups of normal Brahmms, Nans, 
Thiyas and Anglo-Indians who have donated blood to the Madras Blood Bank with the distri- 
bution of the blood groups within the same communities of the Mental Hospital we do not 
find any sigmficant variation at all as shown m Table III — 


Table III 
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Total 


Blood 

GROUPS 

1 

Erequenoiks 

' Figures published 

XT r i-t, ♦ 

number 




1 




^ame oi tne conmiunitry 

of 


r 

1 





by 

1 


persons 

0 

i A 

B 

AB 

1 

r 

1 

P 

9 

Nairs (insane) 

60 

31 26 

26 0 

37 6 

6 25 1 

6 69 

1 76 1 

2 60 


Naira (normal) 

147 

39 40 

21 77 

34 69 

4 08 

6 32 

1 46 1 

224 


Brahmms (insane) 

166 

45 8 

19 4 

29 7 

61 

0 76 

1 31 

1 92 


Brahmms (normal) 

132 

44 7 

20 6 

31 1 

3 8 1 

6 7 

1 32 

1 97 


Thijas (insane) 

64 

67 1 

36 7 

7 2 

1 

76 

2 02 1 

0 41 


Thiyas (normal) 

113 

46 02 

31 86 

18 68 

3 64 

6 78 

20 ' 

1 2 


Hindus (insane) 

830 

41 81 

22 80 

31 17 

4 16 

6 47 . 

1 47 

2 06 


Hindus (normal) 

418 

42 83 

23 92 

29 43 

3 83 

0 66 

1 24 1 

2 21 

Seshadrmathan and 

Hindus (normal) 

1 834 

39 2 

24 4 

30 2 

' 4 84 

6 26 

1 66 

2 02 

1,302 

36 02 1 

21 8 

34 0 

7 6 

00 

1 0 

2 3 

Timothy (1942) 
Groval and Chandra 
(1940) 

1 Malone and Lahin 
(1929) 

Hmdus (normal) 

Hindus (normal) 

2,357 

30 2 1 

24 6 

37 2 

8 1 

66 

1 7 

26 

Vnglo Indians (insane) 

59 

61 5 1 

25 6 

10 3 

2 0 

7 8 

1 6 

0 04 

Anglo Indians (normal) 

37 

48 65 ' 

36 14 

13 62 

2 7 

09 

2 17 

0 89 


\nglo Indians (normal) 

346 

37 2 [ 

37 2 

19 3 

6 4 

6 08 

2 48 

1 34 

! Greval and Chandra 
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(1940) 

\nglo Indians (normal) 

07 

40 29 

41 79 

14 79 

2 98 

6 32 

2 57 

0 94 

Greval and Chandra 
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(1940) 
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Tlu"' m'lirnjullin ( onditKHi'' int ImKa^i with Hu lihidc] ^'roiip'- 

\lc\indcr (1^21) st itotl lint tin dnlnlmtion of hlood >inm)H 33 and VB exhibited soirc 
^=;^ocntlon with niahpmnt dno\‘-e ]’ii<hunn and lli<ilcv (1021) also disagreed with 
Alexander, while tlic worh of Bfihif^i nid Bnliiiaini (lOJl) i ontradictcd tlic results of 
Vlcxandcr 

Tolnnnccii (102*)) wlio stiidii'd 2()5 of innh'jinnt disease iiiamtaiued that some 

sort of hnhage existed between tlie disoivo niul O ind B blood groups, while "Wcitzner 
(102*)) studiina 81 eases of careinomn found m>iiio n->MKiation of carcinoma with blood 
srroiip \B 

TTirs/fcId llirsrfcld uid Brohman (BUl) tried to slio\ '-umc association between blood 
groups and diphi lien 1 Stnsrinski (102*)) I'.Mwiated tlie rqml di''a])pcaraiice of the Wasser- 
nmn reaction under treatment with biooil gTouj)'> while hurst (102*)) attempted to show the 
relation of goitre to (he bloiHl grou])- 

8n\der (1021 ld21o) gue a comjilelc rcxicw of the hternture dealing with the relation 
hetween blood groups and niiTstliesia drugs roentgen rns iiid showed the general agreement 
of the scleral iincstigators that the distribution of the blood groups is not affected bj age sex, 
disease drugs anTsthcsin cU ,‘>n\der (Iddfi) worked on seieral hundred cases of neuropathic 
conditions both among while raees and \ilioricnn Indians and showed that the distribution of 
blood grou])s among tbom agreed with that for normal persons of the same race 
findings are in entire airreemcnt wnth those of Siudor (192G) 

VcKMlWIFncMEXT'- 

I am greath indebted to the Director of the King Institute Gumdy for having Icmdly 
permitted me to take samples of blood from the donors to the Madras Blood Bank My thanks 
are also due to the ^Medical Officers who were m charge of the Blood Bank for the facilities they 
gax e me and to the Superintendent of the Madras Ooxernment ’Museum for his kind interest 
dunng the course of tins work 
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/h'/ Jtnii Mil} /|i 31, ^ Oilolul 1*H ^ 

OX ISOIT ^1<>A10LYS1S PvHPojriN nX TWO LSOLY.SiNB AND 

ARSOf’l \ti<:d considerations 
1 \ 

I lUT fOK'MI S D s (iKl‘\ \L IM« 

JiDptrutl (tn> I niiiK <ii of Indin 

1 \ Til \TT\(’ll \ini Mil niN (fnl) 

''(I oik/ I ••'•I '•til Ilf 

WI) 

V v, u()\ (HOW Dill lo Ml 

1 hnil i^'.i^loiil 

[Froiii the Iwjycrinl Fi roloqi^t •' ] iihoratiirij SrhonJ of f lopunl Mcdtcnic, Ccdcritla) 
lllcctucd for pulihcation \ug<Ht 10, I‘M ( J 

\ ‘=TRONf (l‘;(iU IMOI \sl\l 1) A^^OCIATED WITH I'lONTN 

(I'tnil TMAf f I I 71 ' in) 1> in a N| pi M nl) (of \ IIBIMT 0) 

It wn‘i iKiliccd Ihnt a fro'^h scruni ali loolulinatcil within inmutc cells A very shongR 
iiul h«C(l cells B coinjilctcU \ sainnlc of cells VB was also Rsccl though not as rapidly as 
the sample of cells B The isonin (isoluunagplutinin) a was thought to be of a high order The 
senim was inactnntcd (at “lO'C for fO minutes) to see if the isomn b was of a highei order 
(^ontran to expectation both the isoinus were found to be of the same middling title 
Tuller details of the reactions of the scrum arc giieii in the Table The foUommg un- 
expected and unusual findings arc recorded — 

1 Jnlnbiiwn of hriwnriqhih)tnlw)i bi/ vtcit — The iholvsni when rendered inert 

for immediate action b\ dilution or In innctn ition of the natne complement of the serum 
was found to inhibit the action of the isonin (i) The fresh serum in dilution pi evented 
luemagglutination until weak dilutions were reached , (ii) the partly inactivated Reruni (56°C 
for n minutes) also prexented full luemagglutination, and (in) even fully inactnated serum 
('fi'C for 30 minutes) prc\ anted full ha'inagglutination m a strong dilution 

Tlie inhibition was traceable to the complement winch was protected by the isolj'sm, to 
extent, against luactn ation ns usiiallj enmed out W ben the inactivation was prolonged 
(o GO rmnutes the mhihitioii disappeared 

- Absorphon of co)n 2 dancnl by bartvm mljihih — ^The intention was to absorb the isonms 
snd leave the isohsm intact, ns recommended by Lattes (1932) The opposite effect was seen 
rne serum became less lytic m a 1 m 2 dilution and the agglutination of r h c B w'as imjiroved 
Ml a 1 m 10 dilution OhMousl} the complement was absorbed 

Vnuxual vnstahhly of qramdanty near the end of rnlhxhhon — ^The grannlarit} appear- 
ing when the 7one of inhibition of bcemagglutmntion was ]nst passed was iinusualty unstable 
was ver)^ easily resolved bv agitating the fluid on the shde In a small test-tube it could 
not be made out at all 

1 Delaijcd Jysis caused by old and diluted, set urn — A dela}ed hcemolysis ol the agglutinated 
!■ e also occurred Tlie r b c (now without colour) remained clumped 

The techmque followed m these and the following expemnents, exceptmg the expenment 
on le-actii ation, was of open preparations on shdes kept in moist chamber made of Petn-dishes 
0 Aolmnes were measured by cabbrated capillary pipettes Details have been published 
previously (Greial Chandra and W'oodhead, 1939, 1911) 

th ^ semol writer’s (S D S G ) usual plan of titration the dilutions used in 

e titration of the serum were 1 m 2 1 in 4^ 1 m 8, 1 m IG and 1 m 32 

( 197 ) 



Reactions of SuJchu’s serum, ab containing isolysin b. 
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Tlie ‘5Usj’cn‘»ion« of r i) ( in scni \\crc iinclo thu'i nI)out 0 2 c c of tlic 2 per cent suspen- 
sions in saline ^sn3 put in small fulios and the levels marked , the tubes were centrifuged and 
the saline discarded and the required ‘:crn were added to the deposit of the cells to the 
marked level 

TtSXINC lOR V^TMSOL\SI^S 

Vcoording to the hvTiothesis of Lattes (loc cU ) tlie complete serological constitution of 
the blood groups would be as follow- — 



j Group 0 

Group A 

Group B 

Group AB 

Tjopen 

i o 

\ 

B 

AB 

I’onin 

1 all 

ti 

IV 

0 (= nothing 
small letter) 


j all 

li 

a 

o (=notlung, 
small letter) 

Anti iiohsm (anti 
itohymoh nn) 

0 (=inotliinp 
aranll Idtor) 

null a 

anti b 

1 

anti a and 
anti b. 


The strong isol}sin b was used in detecting the presence of the supposed anti-isolysin b 
in the blood of four subjects B Their r b e and sera were obtained and put up with the lytic 
serum m six ways (t) 2 per cent r b c suspensions m saline wnth an equal volume of the lytic 
serum — ^result quick lysis (n) 2 per cent r b c suspensions in subjects’ own sera with an equal 
volume of the Ivtic serum — result delayed lysis m three cases and much delayed lysis m one 
case , (ji?) 2 per cent r b c suspensions m absorbed serum a fisonin removed by previous 
absorption wath cells A) watb an equal v olume of the Ivtic serum — result, delayed lysis , (in) 
- 2 pet cent r b c suspensions in absorbed serum b w ith an equal volume of the Ijdic serum — 
result, delayed lysis , (a) 2 per cent r b c suspensions in absorbed serum ab with an equal 
volume of the lytic serum — ^result, delayed lysis, and (ai) 2 per cent r be suspensions in 
serum o, from subject AB, with an equal v olume of the lytic serum — result, delayed lysis 

The subjects’ own sera protected the cells Even human sera from other groups 
protected the cells The protection at its best, however, was only slight The protectmg 
substance was not more than could be expected to exa^t m the serum as a result of solution 
from the cells 

The isogens A and B are l>uown to be ibffused in the body flmd The semor writer has 
pomted out that because of the presence of the isogens m the serum the agglutinating titre of 
a mixture of sermn a and senmi b is below the calculated figure (Greval, Chandra and Wood- 
head, 1941) The status of the anti-1) sins m seroloc)" would, therefore, correspond to that of 
the aggressions m bacteriology The aggressions are according to most workers broken bits of 
bacteria in solution 

Lattes accepts the explanation of the isogens in solution for the neutralization of the 
isonins but not for the neutralization of the isolvsins which according to him are always opposed 
bv anti-isolysms 

Re-xctivatiox of the isolysix 

The opimon on re-activation is divided some w orkers (Bezzola, Ascob, Moreschi and 
Micheb, quoted by Lattes, loc cit ) have not been able to re-activate a heated serum , others 
(Moss, Grafe, Grahm, Sclnff and Adelsberger, quoted by the same authonty) were nearly ' always 
able to do so when the serum was heated to bO^C to 55°C for 15 to 20 minutes but not to 56°C 
for 30 minutes , and yet others (Thomsen and Thisted, quoted by Wiener, 1936) appear to be 
regularly successful regardless of the degree and duration of heating 

The present writers were able to re-activate the serum after it had been heated to 56°C 
ror 15 mmntes and 30 mmutes but not for 60 mmutes The haemolysis, however, although 
complete, did not occur immediately Even the serum partly mactivated by age and re-acti- 
■rated bv fresh complement could not haemolyse the r b c immediately 
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>^iesli compleineut from sulijod- 0 luted hcfoie the one from subject AB Guiiiea-pig 
complement acted last 

The imxtures -uere made thus (?) inactive seium one volume plus the added complement 
(from 0, AB or guinea-pig) one volume, and (i?) inactive serum one volume plus the added 
complement three volumes These mixtures were put up -with equal volumes of a 2 per eent 
suspension of r h c B in small conical tubes Haemolysis commenced at room temperature 
and was complete m the incubator under 20 minutes with human complement and under 30 
minutes with guinea-pig complement 

The fresh serum diluted with sahiic actually produced less haemolysis than the inactive 
serum diluted with complement, showing that the isolysm content did not represent an excess 
such as ^is used m determining the MHD of the complement 

Absorption or the isonin and the lysin 

The serum V as chilled and left m contact with chilled r b c B, for one hour, in a refrigerator 
to absorb the isouin The tube contaming the serum and the cells was quickly transferred 
to a padded and cooled contamer and centrifuged The shghtly pink fluid, on cormng into 
contact Y ith fresh r b c B at room temperature, did not agglutinate the cells or deepen in 
colour by lysing them The isolysm had disappeared with the isonm 

The serum vas left at room temperature and packed r b c B added until no further lysis 
occurred The red fluid was cleared of debris by centrifuging and tested for agglutination 
i^one occurred The isonm had disappeared with the isolysm 

The serum was made milkj^ with barium sulphate and left at room temperature for one 
hour and in the lefrigerator for one hour and centrifuged The effect of the isolvsin was shghtlv 
reduced through partial inactivation 

A WEAK ISOLYSIN a ASSOCIATED WITH ISONIN a IN A SERUM ab 

It was known that the isonm a of a subject 0 (S D S G ) was stronger than the isomn h 
In view of the partial inhibition of the action of the isomn by the associated lysin, the presence 
of isolysm b was suspected Fresh serum was put up with r b c A and B Contra^^ 
to expectation a weak isolysm a was found lysmg the r b c A The isolvsm was nuaserl 
previously because the serum was tested a day after it had been taken 

Certain differences were found between the strong and the weak isolysm The weak 
isolysm did not inhibit the action of the associated strong isomn Its lytic action weakened 
appreciably in 4 hours The next day it was found completely meid but could be re-activated 
by adding excess of fresh human complement from a subject AB (one volume aged senim 
plus three volumes of complement ])lus r b c suspensions "^uelded lysis) )Snecimens 
inactivated by heat could not be ^e-actl^ ated 

IsoiYSINS IN THE BLOOD OF ‘ UNIVERSAL’ DONORS 

Tlie senior vnter is against accepting subjects 0 with high-titre isonins as universal donois 
(Gieval Chandra and \\oodhead, 1941) From his list or ‘safe ’ universal donors for the 
lilood tiansfusion service for hospitals in Calcutta he also excluded group 0 subjects with 
isohsiiw The fact, tlioiigh mentioned, was not stressed It is stressed now The snine 
jirccaution applies to sa^e donors A and B for recipientb A.B 

BfsiMBLWCFs and differences BEIUEEN a IimSIOLYTIC AMBOCEPTOR, AX ISOLYSIX 
XX D XN ISONIN, AX'D ASSOCIATED CONSIDERATIONS 

An artificialK produced hiemolytic amboceptor, m a strong ddution, agglutinates the 
appropriate r b c in the absence of the complement and lyses the same i b c even in a weal 
dilution in the presence of the complement It leacts leadily with the added compleiiient 
An isolvsm as such has no ag^lutmatmg action but lx ses the appropiaate r b c in the presence of 
the roniplcinent vath which it is closelx linked in the serum It also reacts with the added 
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roin])leiuei)t tliouuli ‘o > liniitiHl doiitL \n imhuh nnU nuclntin \t(s tlic iippiuprnte r b r 
^nll it*! irfion IS in(lc])en(lon< of tin < ooipleiuont 

Tlip link bi'twocn tlio nnuin il t omj'Iciu' nt iii'l tlu imi 1 \ *-111 troiiger tlnn tlie one between 
tlip anibwi'pt 01 nncl tin. comploni'nt of tlu cerum m whieli n <HcnT« Tbe isoh sin nrotectfe 
ll'o onpinil cninpleinont nonin^t iiuoti itiou to «omp extent 

The fact tliat nob siiw ire u-'Ui 11 \ 1 ited with liiL'b-titrc isonins frentr-b an impression 

tint tl c isoliaiiiohsis is a fiiiution ot n bn on" I'onin (Hisen itions of workers on the ‘ acci- 
dents cau='’d b\ ‘ (1 iiigcroiis nnncrsil donors hii\e not 111 nlc tins point clear The accidents 
arc cameil b\ at least two ’iroccsses (?) isoha inoKsi^ and (o) no ha.iiiaggliitination Iligh- 
titrc 1 = 011111 '' ha\c been held rcsjioiisible for both of tlu 111 111 i general wa) The rapid and 
ronijjr/i lui'inoUsis oeciirriin; in itfro lutucin iin oiiip itdile bloods is dehiiitelv caused by the 
isoUsiii alone \ dm and jmrlial hcmoKsis from stroiuc agglutination 111 absorption 
cxpcnincnts is also known it occurs m the aliseiue of the <oinplcnient from the squeeze of the 
aaclutination Kc actuated I'-nhsms also cause dcla\eil luciiiohbis 

The association between isahsnis ind high titro isonins is not absolute The isolvsms 
under report were as-^ociatcd V ith 1=011111-' of 1 middling titrc The\ can even be demonstrated 
m the new bom (ITnllian and Jones <|uoted In Lattes lot iit ) The majority of isomu- 
containing sera (from all groups excejit \Bt liace no isoKsm The latter occur only m about 
JO per cent of such sera (J\ lener Inc rii ) 

The isohsins and ibomiis are coiitamcd 111 the simc subbtaiice Tlie\ may even be two 
phases of the same intibodv Iiihibitioii of the action of the isonm b} the isohsm is contrar) 
enough an action to be compiriblc to hv pcrscnsituonebs preceding imnumitv' m the develop- 
ment of resistance, 111 imiiumologv' The uolv sms (found m the new born whose isomns arc 
weak or absent) niav be forerunners of isomns Sidijeit' havang both the antibodies could 
be tested at difTcrent igcs for the relative titrc of each V tall in the isolwiii accompanied by a 
nse in the isoiiin wfiiild jioiiit to the soundness of thi- iivpothesis 

Si VI VI \lt\ 

1 A strong isol^Mii b was found 111 a subject () with isoiims of ecjual and middling titrc 
A'o anti-isolv Sins in four subjects B could be detected bv its use It could be re-activmted It 
could not be separated from the associated monin It inhibited htemagglutmation 

2 A we ik isoljsin a was found 111 another subject 0 vvith isomns of unequal and iniddhng 
titrc It did not inbibit hamiagghitmation Its re- activation was more hunted 

’> Isolvsms should discpialifv universal ilonors and donors k and B for subjects A.B 
i Artificially produced hamohtic amboceptoi, isomns and isolysms are compared 
Utentioii IS drawn to lack of clant) in observations making high-titre isomns responsible for 
all accidents caused bj dangerous miiv ersal donors 
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Tliiee slides are prepaied from one serum On tlie t\\ o sides of eacli slide the a<;gliitmatioii 
should be simultaneous and equal If not the serum is rejected 

The sera not lejected are titrated furthei according to the scheme of titiation previoiish 
described (Greval, Chandra and AVoodhead, 1911) Those showing inequality on dilution are 
rejected and others titrated further until the last ettective dilution is reached This dilution 
gives the Minimal Dose of Equal and Swntllaneous Ac/qlulinahon, the MDESA (used for singular 
and plural alike) The onh latitude allowed is that one side may begin to show agglutination 
a fraction of a minute earlier but it must look the same as the other side after 30 minutes 
(recoided ‘ a thenb ’ or ' b then a ) The dose selected for absorption is three times this dose 
Obviously, a serum which does not act m a 1 in 3 dilution is usele'is 

The suspensions of r b c are divided into three lots one lot is used in the titrarion oiu 
in the test next dav and one acts as a reserve for repetition if necessar^ 

Care is taken to exclude slow A’s ’ (Gieval ct al he cit ) 

The slain-beanng maienal o) dned blood — It must be estabhshed at the outset that the 
specimen consists of human blood and that no animal blood (from easil) available mammals 
and buds) is present The material if moist is exposed to the room temperature and allowed 
to drj" Twenty-five mg of it are cut up into small stnps about 1 mm bioad and mtroduced 
into a small comcal tube {see Plate III — these tubes are made m the laboratoiy from glass- 
tubing) fitted Avitli a small cork (obtained from suppliers of glassware etc to perfimiers), 
suitably marked or labelled Of dned blood only 10 mg are taken 

The contiols — ^Five controls are put up — 

1 The blank, a control from the unstained portion of the cloth, etc An area of the 
same size as tbe stain (or 20 mg ) is cut up and put in a conical tube Of surfaces (wood 
plastei, etc ) an equal unstained area is scraped to the same depth as the stained area has been 
scraped and put into the tube AAhen only scrapings are received the object scraped must be 
obtained and half the weight of the scrapings scraped from the unstamed area for the blank 
scraped blood is mostlv blood, if it is blood at all, and does not contain much of the scraped 
object Prom surfaces which cannot be scrajied (glass, china, metal, etc ) an equal area is 
marked off bv a circle drawn with a match dipped in melted hard paraffin The area is washed 
111 3 01 4 drops of sahne dropped on it and sucked back by a pipette The wmshmgs are put 
into the tube and allowed to dry It should be noticed of course, if the stain is on a clean 
surface or superimposed on a surface already stained by some other material a control of this 
material will also be necessary if the stain is superimposed A fabric which must not 
be cut up i^i also washed like a surface after it has been stiffened by paraffin applied to 
the ie\erse 

2 A knowui stain of group A, marked cont A 

3 A hnowu stain of group B, marked cont 

4 A knowm stain of group 0 maiked cont 0 

5 Serum-control maiked serum cont , an empty tube for receiving the same dilution 

of the serum with which the tubes of the controls and the test proper are going to be 
charged 

The know n controls are of the same age or older than the stains under investigation They 
-are obtained from known donors of blood 

The coniacl with serum ab — Pive drops from the standard capillary pipettes, totnlhng 
0 I c c of the diluted serum containing 3 MDESA in a volume are dropped into the tubes 
A\ ith a stout platinum wire, suitabh mounted, the serum and the matenal are lubbed together 
until no free fluid is left The dry blood is rubbed pto a paste 

The tubes are corked fixed sub-horizontally into Petn -dishes b^ jilasticine and incubated 
it 37”C for half an hour The Petn-dishes are then put in wire-cages which are sealed and 
left 111 a refrigerator o^ ernight The photograph shows Petii-dishes m a cage For seahng, 
the cage is jilaced on a piece of muslin the edges of which arc drawn together to improvise a 
b nr The neck of the bag is sealed 
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S(]>/traUov of thr y(iiii)i nfu i ron(ioi — Wxf iiminiii^ the touteiits of the tubes are packed 
tight \Mth the ''(out jil itimmi w ire unlo'--' llu'' are of the niturc of Mwdust e\hich docs not sta-v 
jnrkcd Tlic virc i'' \\a''lied lutwceii iwo ]''<.lvin<;-' Tlic tubes arc centrifuged A clear 
fluid become^ Msible niosth on a deposit '-ometinu- under a ''Ciuni Drops arc renioeed by 
ciiiiiratcd ca])illar\ fincor pipcttO" (om for eieli tube) for testing Packing to centrifuging 
tskc^lnlf an hour If no* o\trn tune i-- illoui d at room temperature to eliminate the actmtv 
of aii\ cold n2'ihitininv jirc'-ent 

Tic h of lie '■he to hi u-^nl la u dni/ s am A — The suspensions kept for the 

purpose after the dctcnniintion of the ^1D1 n-e tested for auto agglutination A drop 
from each suspension is added to i droji of vilnie and stirred in the usual tvay There should 
be no auto agchitiiiation in 10 minutes \n\ change in aaglutinabilita uith the serum will 
he detected in the second «erum control (mh infro) 


Th< tot of th cootrol- 


1 Tic scrioii coohol — Two drops of the dilution v. Inch has been incubated and left in 
the refngerator arc tested Kcjualiti siinultaneita and speed should be umnipaired This 
reaction is to be compircd uith that of (i) known D control and (ii) blank 

The serum is diluted with 1 \olumcs of hiline It now contains 1 MDESA m a volume 
It IS tested again for cr|unlit% and simultaiieits in 5 minutes There should be no loss of these 
qualities Loss sometimes occurs and i-- iiidicatiic o/u c/m age iii tie rbc suspension rather 
than in the scrum It is not difhcult to fit in another suspension of r b c (givmg the same 
'IfDESV) 

It will be obsersed that too slides arc prepared and tested from the serum control 

2 Til A noirn 0 control — 1\ ith the fluid obtained from this tube the agglutination 
should occur almost as it occurs with the scrum dilution contaming 3 MDESA in a \ olume 
Coninienceinent mat be delated for a minute or so eten simultaneitv ma} be affected for 
a fraction of a minute but the ultimate equalitv and intensitj shoidd be ummpaired 

The four slides prepared so far (No I for testing auto agglutination of r b c No 2 sertmi 
control strong No 3 serum control weak and No 4 known 0 control) are left in the same Petri- 
d'sh , in fact the} are prepared together The rbc suspensions are added on the two halves of 
the slides as single operations The time is noted after the suspensions have been stirred 
One stimng-rod stirs all the four slides thus firstlv slide for aiito-agglutmation secondly 
^eak serum control thirdh strong control and foiirthlv knowm 0 control 

3 Tie Inoirn A control — The fluid after absorption will either agglutinate r b c B alone 
or give a ± reaction with rbc A also, due to some isomn a left unabsorbed by the known 
stain The unabsorbed isonin is made ineffectue ba chlution Three drops of saline 
(measured b> the calibrated pipette) are added to the remaimng three drops of the flmd in the 
tube The original finger pipette still in the tube is emptied and remoi ed to an empty tube 
-'living and centrifuging are done again The same finger pipette is put m and two drops 
remo\ ed for the test again The x reaction is almost certain to disappear leanng the other 
reaction intact 


Even a second dilution with two drops of sahne may be undertaken at tmies 

The first chlution reduces the content of the fluid to H JIDESA on the unabsorbed side 
and the second to 1 JIDESA 


the 


II ith the known controls w hich pronde sufiieieut blood for the complete absorption of 
appropriate isomn dilution should not be necessary as a rule 


4 Tie Inoicn B control — ^The fliud after absorption will either agglutmate r b c A onlv 
gi' e a rc reaction with r b c B also The imabsorbed isomn b is eliminated bv ddution as 
isonir a IS m the case of the known stain A 


3 The blanl — ^The flmd from this tube should not show either a marked decrease in its 
^gg utmating'power or any loss of eqnahty and simultaneity, in five nunntes If it does the 
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tube oorrebponding to it m the test proper isreiect-cd Substances other tlian blood interfering 
AS ith ahsor])tion are ])resent The specimen ib not buitable for the determination of the group 

Thi le'<t ]))opci 

Stains not imparting any colour to the cleai fluid m the centrifuged tubes are rejected 
They are insoluble and their posver of absorption has also decreased The writers are ai\ are 
that blood groups have been determined from tissues fioni mummies the precaution, howeier 
IS considered necessary in medico-legal noik in view of the difficulties they have e\peneuced 
111 the case of some insoluble stains of laiown blood When colour is discernible drops are 
tested with rbc A and B The following reactions and readings will result — 

] Both suspensions are agglutinated shaijily equally, simultaneously aial almost 
immediately The blood un^er investigation is 0 The reaction should be hke the one given 
by the strong dilution of the serum control Time limit — under 5 minutes 

2 Neither suspension is agglutinated The blood under investigation is AB Obser- 
vation IS extended to 30 minutes ± reactions are eliminated by dilution, especially if dilution 
has been found necessary m the controls 

3 Suspension A is agglutinated frankly (if not sharply) and suspension B not at all 
The blood under investigation is B Observation is extended to 30 imnutes Dilution is 
employed if necessary If durmg dilution the agglutination of suspension A loses its frank- 
ness and becomes i, opmion is withheld 

4 Suspension B is agglutinated franldy (if not sharply) and suspension A not at all 
The blood under investigation is A Observation is extended to 30 minutes Dilution is 
employed if necessary If during dilution the agglutination of suspension B loses its frankness 
and becomes ±, opinion is withheld 

It wfll be observed that the h^magglutmatiou referred to under 1 is ‘ sharp ’ and under 
3 and 4 ‘frank, if not sharp ’ Such is often the case All hsemagglutmation howeVer, 
may be sharp, as is showm m the photograpli 

Remarks on the technique and associated considerations 

From the account so far given details have been withheld with a view to avoiding 
digression They aviII now follow' — 

Weight of the dried blood in a stain — ^Accurate weighment of thQ blood contained in a stain 
IS not necessary In the earlv part of this work such a weighment w'as made Equal areas of 
stained and unstamed portions of the material (pieces of cloth or filter-paper) were dried aiifl 
weighed The differences in weight gave the weight of the dried blood in the stain Soon it 
w as found that the isogens may so differ wnth respect to their capacity of absorbing the appro- 
priate isomns as to nullify the effect of an accurate weighment Eurther, there is reason to 
believe that excessive desiccation interfeies with the solubility and power of absorption of the 
stain 

For the purpose of this A\ork stains from bloods of knowm group were obtained by drying 
a few drops of Avhole blood dropped on pieces of white drill of medium weight, cut from clean 
but old oveialls and aprons Measured volume of blood was also °imilarly dried The relations 
between the a olume of the wdiole blood weight of its stain and weight of the dried blood m the 
stain A\ere of the followmig order — 

(«) 0 5 f c of wliole blood — b72 mg of stain (on dull) = 15D mg ol dried blood in 
the stain 

23 mg of stain (used in the test), therefore contain equiA'afent of 
X = 0 02 (approx) cc of whole blood 

(b) 10 mg of dried blood scraped from objects (used m the test) contnn equnaleiit of 
jr ,5 “ = j-Qjj — jY = 03 (approx- ) c c of whole blood 
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The reunui \i\ thi« lilioiii(nr\ i i< immtmn nuduo le^i.dwork xrc mostly on 

picoeN of ( ottoii f ibni I In* iiiniitit\ of 'l'\ hlooil m ihcm ni ii pu cn n eight, iijipioujrmfces 
fntl\ iltwch t(^ the (lUiudifN m tin --(n'n u-ul foi < ' pc nmtntul woil \ thick course fnbnr 
wf'ich'- more fh 111 Ji thin fiiliiK hut il'-o lioldi mou lih-iw! ni tlie interstices Prom a tough 
min di'-orhni'j fahru enough blood c in be siripid 

/V('iri'itio)i tif Ihi li 'I ntiii — Tin ^(iinii kei ps in t icfiigeratoi for sc^ end weeks 
(liiec 1 “udable subji 1 1 In'- luen loiind lire tpiin'irns .an be collected j)henoh/ed (tl 2 j 
IKT leiy) md kc'jit 

\ suit ible serum will lie found to woik with si>\tril specimens of appropriate r b c , so 
tint the siuie sirnm tan bi med wifli dilUnnt lot-' of r b < (ollnted tm cliiTcrcnt da>s It is 
C'scntnl howe\cr to tonlirm tlie MDlvP' of tin cnim witli a new lot of the i be intended 
for use m the te^t 


f'l find ilioii of iimil iiu (itioi 

(i) till nmi tijtn i}h^orplio)i fioi/hitni tfi s both o/s/v asious — 'ilie reaction is only 

interpreted when the sjiecd of the auulutnuuiou its ei|ualit\ \nd its mtcnsitj are identical with 
those of the serum control contammg 5 MDhS ' ‘^ut li a reaction is gi\en bv the serum after 
alisoqition with stuns of groii)) O s(> t inr letcrisiiealh that the wTiters feel justified m ruling 
out the ulcntifu ation of grouj) () in t'le absent c of tlie rciction 

f^oine sort of semb] nice of c<iniilit\ of agglutination of the two suspensions may be foimd 
after a contact of 1(1 or even If minutes with a nb '•crum winch has been absorbed with other 
Stroups also It is due to nieomjiletc absorption Rcnttion of group 0 therefore, must be 
read within 1 minutes 

(u) II /icii the i'cniiii (tfhr <ib'<orjiltoii uf/t/fntiuufi s oin iit^ion o)ihj — jMore often than 
not the r 1) c will not be agglutinated with the same speed and intensity ns are seen in the case 
of the stronger of the two scrum controls The nggliitmntion will begin more slowly and will 
usiialh he frank not shnrj) II ith the absorption of the appropriate isonm some loss of 
the non appropnntc isomn also occurs According to M lener {Joe cit ) this loss is either 
nonspecific or indicatnc of a jiartinl binding together of the two isomus The writers 
add tlie ohsen ation that nt least ui an e\enh balanced ab serum the loss does not depend on 
the serum hut on the stain In a batch of absorption experiments wuth the same serum some 
^ and B stains will absorb non-specificalh b and a respectnely, others will not That is why 
frank agglutinations are insisted on In such agglutinations the non-specific process has stayed 
ni the background 

("i) H7ie« the sennit after absorption don, not aijqlulinatc cithci siisjKnsion frankly — X 
‘'ciublance of double agglutination may be present as a x agglutmatiou m both the suspensions 
Agglutination on one side mai e\en liecome almost frank after some time On dilution the 
frank ruction disappears On such a reaction opinion is withheld That it has not resulted 
from content of the serum with stain of group 0 is evidenced by the delay in appearance of the 
reaction and the lack of intensity and equality of agglutination It may be caused by absorp- 
tion with a weak isogeu combined wuth a non-specific absorption of the non-appropriate 
isomn It maj also he caused absorption wnth isogens AB (of group AB) both of which 
ore weak and one is weaker than the other 


iduintages of the absorption test over the extraction and demonstration of the 

isontns from slams 

(i) The isoagglutimns are not found m the extract in a satisfactory titre The writers 
n ed to demonstrate them in most stams 

(n) The group of the blood in the stain may be ‘ defectu e ’ The isoagglutimns which 
ran co exist in the group compatibly -with the isoagglutmogens max be lacking It must, 
wwei^r, be added that in over 2,000 c^ses grouped for cbmeal purposes, m connection with 
e local blood transfusion serxrce, m this laboratory during the last 14 vears.fwntten m 1938) 
r e ective group lias never been found 

( 207 ) 



Fahc avd vcgulivc icbulis 

Occasionally the writers have failed to obtoin reactions of the desired distinctiveness from 
loiown stains and have withheld opinion, that is, they have obtained negative results They 
have, however, never obtained false results This feature of the test depends on the fact that 
m the technique all borderhne reactions are eliminated liy dilutions and then excluded from 
consideration 

In testing the actual exhibits failures to obtain results are very frequent Firstly, some of 
the controls from the unstained material (blank) interfere with the isomns, equally 
or unequally the specimens corresponding to the controls are then not proceeded with 
Secondly, in the reaction of some of the specimens proceeded with a lack of distinctiveness 
occurs these specimens are discarded Thirdly the mam specimen with which other 
specimens m a case are to be compared is sometimes among those W'hich have been 
discarded the other specimens are not then proceeded \vith 


Hejeclwn of a sta^n when the hlanh has shoivn abso)piion ]mrtial o? complete, 

of one or both isonins 

Boyd and Boyd (1937) have quoted several w'orkeis who have pointed out that ‘m a 
surpnsmglj'- large number of cases this unstamed material vnU contain one or more of the blood 
group receptors, presumably from sweat, mine, animal material, etc , and consequently a 
positive test for this receptor in the stamed iiortion would mean nothing If only one receptor 
IS found in the unstained material tests may be carried out to detect the possible presence of 
the other, though it will rendily be appreciated that in such a case we cannot expect to establish 
with certamty the full and exact group of the stain ’ The present writers add the observa- 
tion that the comparative concentration of the sweat, etc , in the stamed and the unstained 
material cannot be judged The stain beanng area may have m it more sweat, etc , than the 
unstained area and may show, consequently, more absorption Deductions from a comparative 
absorption in this case will be misleading The very existence of such a possibihty, if explained 
fully, will create m the mmds of the jury a reasonable doubt as to the mterpretation of 
the test The writers, therefore, reject all specimens the blanks of which have absorbed 
the isonms 


Technique foi smaller quantities and, foi stains other than those of blood 

{i) Smaller quantiUes — The quantities of the stain and the serum dilution used in the 
absorption test are 26 mg of the former and 5 drops, from a specially standardized pipette, 
of the latter But 20 mg and 4 drops or 16 mg and 3 drops will suffice, provided that pipettes 
wath thinner ends are used in removing the fluid from the tube after absorption and in adding 
drops of r b c suspensions Dilution will be difficult 

Similarly quantities of the dried blood scraped from exhibits and the serum dilution 
can be reduced from 10 mg of the former and 6 drops of the latter to 8 insr , 6 mg or even 4 mg 
of the former and 4 drops, 3 drops or even 2 drops of the latter 

Very small stains are treated by washmg with 6 to 6 drops of the serum dilution contaimng 
2 hlDESA in a volume The dilution is held m contact with the stams in a teat pipette By 
squeezmg out and sucking back the dilution a reasonably coloured and turbid flmd is soon 
obtamed The flmd is meubated for half an hour at 37°C and removed to a refrigerator for 
the mght Next mormng it is treated like the ordinary specimen 

To check the spread of the dilution from the stains melted hard paraffin may be used 
Stains on a hard surface are ringed Soft fabrics are stiffened by an apphcation to the 
reverse 

The writers have obtamed indications of groups from signatures, on paper, in blood, of a 
certam fraternity A positive report for forensic purposes, however, could not be given on 
mere mdications 


/ 
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(it) Slaiiic other (hail (hose vf blood — TIu\ nun nlbo be dealt m the same way as blood 
Elain", rcmanhcniifj (hat all Jliitdc from tlo body may vo' in ciciy case have (he gtowp-s'pectfic 
'idi'/nace and tbal oonfart witli liuninn faxes destroys group specific substanees 

.1 macro (trhmqm \ersub a micro (uhnigac 

The writers jircfcr the former to tlic latter Araiiipiilation of slides, repetitions of obser- 
Tition and discrmiination between a mere bediiiieiititioii of r b c and agglutination are all 
easier m the macro- tliaii iii the micro technique Further, experience m microscopy is not 
needed the results can be read c\ on In i jure if iieccssarv 

.St- M MAUI 

1 V technique for dctcrminiiig blood groups from stains is described The Minimal 
Docc of Equal and Simultaneous Jqqlutination (MDFS\) of an equally balanced serum ab is 
determined Three such doses contained m 0 I cc dilution of the serum are left m contact 
with 2o mg of stained material or 10 mg of dried blood After incubation and prolonged 
contact lu the refrigerator the scrum dilution is separated and tested for loss of 
isoh'emagglutinins (isonins) Onh clear negatn e and frank positn e reactions are accepted 
^11 doubtful cases are excluded from consideration 

2 Eemarks on the technique include (i) w eight of the dried blood m a stam, (ii) preseram- 
tion of testing sera, (iii) retardation of agglutination in the final test, (iv) advantages of the 
absorption test oacr the extraction and demonstration of isomns, (r) false results and negative 
results (ii) rejection of a stain when the unstained control has absorbed isomns, (vii) techmque 
for smaller quantities and for stains other than those of blood and (iin) a macro-techmque 
versus a micro technique 

1 A photograph gi\es the cssoutial apparatus and the charactenstic macroscopic 
appearance of the reaction 
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ST\ND\RD FOK PAP\[N A\]) ITS PRP^PARATIONS 

I \ 

\ K ni-A(.\i{ 

[how tin Iho/hi iiiKtil Stiuultndizalioii I ( bonilonj ('onnniinit nf Iinha, 

('till Htta / f\ti--(iuli ) 

|ll<rci\oi! for puhlicntioii H IS, 10-11 | 

Pai’MN or juptuotin is a profcoKtii in/Miie foum! in the fruit or nuik\ jiuce of the 
melon tree Canca jmjmijn uhose dioostne actum on jirotcnih has been long known The active 
enrcine con lie olit.uncd I)\ pricking the fruits or cvtratting them in water or through an incision 
in the trunk of the jilant In the presence of air tlic juicc hardens and this hardened product 
I' CTound up to 1 powder and dmsolcod in water The cvtract is filtered and the filtrate 
I'rocipitoted with ten \oIumcs of alcohol Tlie resulting precipitate is re dissolved in water, 
re precipitated with alcohol and then dned m >acuo Pajiain is cmploced to assist protein 
(hffcstion in chronic d\ spcjisin gastric fernicntatioii and gastritis 

Although this cnrcnic is in fnirh constant deninnd it is not included in the British 
Plmrinacojiccia probabl} iiccausc other ennTiics, such ns pepsin and pancreatm wluch are more 
or less similar in action, hace iicen included The importance of this en/yme has, however 
been recognircd I)\ inclusion m the British Pharmaceutical Code\ ]93fi The B P C 
standard for the proteohtic acti\it\ of papain is ns follows — 

‘The amino acids jiroduccd, liv one gramme of papain m the assay process (described m 
B P C under the hendinc \ssav ”) recjuire for neutrnli7ntion not less than 20 c c of N/10 
'odium carbonate ’ 

The nssn\ procc's described in the B P C does not appear'to be quite accurate The 
'iihstrate casein and the cn7j me papain are incubated together in the presence of an excess of 
X/If' sodium carbonate The pH of this reaction mixture when tested electrometiically with 
T glass electrode was found to lie 9 2 This pH definitely interferes Avith the digestne action 
of papain, although the nctiv ity of the en7ynie may not be completely destro) ed In testing 
su} cnz>Tue for its action, it is always desuwble to ecaliiate its activity at its optimum pH 
Papain exhibits optimal actmtv at pH 5 0 to 7 0 (Fabre and Frossard, 1925) which evidentl} 
hnrmonmes with the iso-electric points of most protein substrates The pH of 9 2 at which 
the substrate and the enre me are incubated according to the method of assay described 
in the B P 0 , is far removed from the optimum pH for papain and the activity thus 
ileterinined will not be a true measure of the potency of the en7}Tiie 

In cnrmng out the routine work of this laboratory, the author had occasion to test several 
xunples of papain by the method outlined in the British Pharmaceutical Codex Almost all 
the samples failed to conform to the standard (sec Table I), although the proteolytic acti\ut 3 
of most of them w'hen tested under conditions optimum to the action of this enzyme was found 
to be 1 en good It was therefore apparent that the method of assay ’ required modification 
111 order to ascertain the true activity of the enzyme As the prescribed ‘ standard ’ was based 
on the method of assay the standard also required alteration In order to suggest a new 
ijtandard a number of commercial samples of papain, both indigenous and imported aiaihbk 
m the Indian market were tested In addition to this, samples of papain freshly prepared 
irom the fresh juice of Canca -papaya were also tested for their proteoljtic actnity The 
results of all these determinations ha^e been taken into consideration in suggesting the 
standard 


Experimfntai 

1 -iisay^of commercial <■0111 pies of papain by the B P C method — ^Table I shows the 
activity of the^^samples of papain assayed according to the B P C method the aetnity beint? 
calculated foi one gramme of papain 
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Table I 


Number 

Activity in terms of 
ofN/10NnCO3 

1 

Ai/ 

2 

48 

3 

2 0 

4 

90 

6 

10 4 

C 

12 0 

7 

12 0 

8 

14 0 

9 

130 

10 

12 0 

11 

11 l, 

12 

0 6 


It ]S evident from Talilc I that none of the samples conform to the requirements of tlie 
B P C standard, as the values are all below 20 c c which is the nummum prescnbed 

2 Method of assay — Gelatine was employed in place of soluble casern as the substrate 
A 4 per cent solution of gelatine was prepared and the ])H of tins solution adjusted to 5 0 by the 
addition of a few cubic centunetres of N/10 NaOH To 50 c c of this solution, 10 c c of citrate 
buffer of pH 5 0 was added One gramme of the sauqile of papain accurately weighed was 
tnturated with a few cubic cenmmetres of water and suspension made up to 20 c c after adjusting 
the pH to 5 0 Ten c c of this suspension were added to the gelatme-buffer solution Imme- 
diately after addition, 25 c c fiom this mivtiire ivere wathdrawn and 20 c c of formaldehyde 
solution freshly neutrah/ed to pheiioliihthalein wuth N/10 sodium hydroxide were added and 
titrated agamst N/10 sodiimi hydroxide using jihenolphthalem as the indicator The 
remamder of the mixture was incubated at a temperature of 37°C for a period of 3 horns At 
the end of this period 25 cB of the'reaction imxture were removed and 20 c c of formalde- 
hyde solution previously neutralized to phenolphthalem were added and titrated against N/10 
sodium hydroxide to the same end-pomt as in the prenous titration The difference in the 
two titrations gives the number of c c of N/10 sodimn hydroxide neutrahzed by the ammo 
acids formed by 0 18 gramme of papam actmg on 0 714 gramme of gelatme at pH 5 0 This 
figure IS a measure of the proteolytic activity of the sample 

The same samples of papam pieviously tested by the B P C method have been assayed 
for their activity by the above method and the results are given m Table II — 


Table II 


Activity of commeicial samples of jiajiain 


Number 


Imported to or manu 
factured m India 


Actmtj in 
terms of c c 
of N/IO sodium 
hvdroMde i 
(For 0 18 g of I 
papain in the i 


Acti\ itj 
calculated in 
0 c for 1 g of 
papain 


Percentage of 
digestion 


' expenraent ) | 


1 

j 

Foreign 

1 Ai/ 

Nil 

Nil 

2 

1 » 

1 26 

1 13 76 

30 G 

3 


1 6 

8 26 

18 4 

4 


40 

22 0 

49 0 

6 

1 

It 

Indian 

4 5 

1 24 76 

66 0 

0 

G C 

30 30 

80 9 

7 

ft 

G 7 

37 05 

82 1 

S 


8 0 

44 0 

93 8 

9 


7 0 

38 6 

86 8 

10 

dried and pondered 
juice of Carica papai/a ' 

j j 

0 6 

36 76 

79 7 

11 

G2 

34 10 

7G0 

12 


59 

32 45 

72 3 
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Vs iwpim IS liable lo dclcnorato ripidh it ■was considered of interest to stud) the rate of 
detcnontion of coniinercnl ■^ninjiles of ]n)>iin when kept m the Inhorntor) nt nu average 
temperature of about 20''C to 25T for jicruuK of 3 to fi montlis Tn some prehminar) e\pen- 
ments it a\ns found that the rite of deterioralion aaried m different samples It was thought 
that the grade of juinta of the 'janijile? might be responsible for this difference m the rate of 
detcnomtioii V sttida of the nti of dcfiriorition of saiPples of papam of a anous grades of 
pnnta has therefore been made and the rosiiltb are )>rcsentcd m Tnlilc III — 

Taiur HI 


Dclcnoraliou of jkijxiid of xtrioui qmdcb oj jnniltj kept in the laboratory 

for jKrtod'! of ) to (i montlx at an aicraqc hmpcralitrt of 25°C' 


Dt'crijitiou of Ihi Fivm]iK3 
of pipim 


Uned and jrawdored jincc of 
Canca pnp<ii/a 

trade papam after one preii 
ndation ^ 

Soluble papam (purer tlmii llu 
prcMous preparation) obtained 
after two pncipitatioii'i Mitli 
alcohol 


3 PajHiin pnjxiration 
papam — 


111 

(i rtiiF ol ( 1 . 
\\ithin n fo\ 
iHvf <if 
mauufaclun 

AitiMt\ in 
( ( nftir a 
iiKintli'- 

1\ rin iita^c' 

Atli\ iti in 
t c after (i 
iiionllis j 

Percentage 

loss 

t. ■) 

l> 1 

0 

6i> 

10 7 

s II 

li *1 

n 7 

ii n 

1 

25 

s 0 

i> 1 

in 

1 

5 5 

1 

31 


e — The B P C mentions the three folloaving preparations of 


1 KlLXir jiapnin — Each fluid dmclini coutniiis i gnimmes of papam a\ith alcohol (90 

per cent), distilled aaater and aromatic chxir 

2 GI)ceniuiin papam —Papam 9 per cent v/n uitli dilute hydrochloric acid, simple 

cliMr and gl}ccrinc 

3 Liquor-papain-cf-iridme — Each fluid drachm contains one gramme each of papam, 

and extract of Ins \nth glycerine alcohol (90 per cent) and cliloroform water 
No standards are fLved for these preparations, but the concentration of papam m each 
preparation is stated m the B P C Emplo) mg the same method of assay described above, 
the amount of each papam preparation to be added to the gelatme solution can be calculated 
so that the same araoimt of the en7)’me is added to the substrate-bufier solution If this is 
done, the standard for these preparations mil remain the same as for papam itself Instead 
of adding 10 c c of a 5 per cent suspension of the en7}nne the amounts of each preparation to 
be added mil be different, but the concentration of the enzyme in the reaction mixture will be 
the same as in the assay for the enzyme itself The amounts of each papam jireparation to 
be added, are calculated and given lielow — **■ 

1 Elixir papain — 5 c c of tins preparation are made up to 10 c c with water’ after 
adjusting the pH to 5 10 c c of this solution are added to the gelatine-buffer 

solution 


2 Glycennum papain — 5 6 c c of this preparation are made up to 10 c c mth water 

after adjusting the pH to 'i 10 c c of this solution are added to the gelatine- 
buffer solution 

3 Liquor-papam-el-mdine — 13 5 c c adjusted to pH o are added to the gelatme solu- 

tion In this case the volume of the reaction mixture becomes 73 6 c c instead 
of 70 c c as in all other cases In order to keep the volmue at 70 c c , the amount 
of buffer solution can lie reduced to 6 6 c c , instead of the usual 10 c c 


Discussion 


Imported samples of purified papam gave low values on test and it is probable that the 
proteolytic activity had diminished on keeping Deterioration of samples of papam of Indian 

( 213 ) 



manufactme Avliose date'; of ijreparatioii aie kiiowji, aud lire kept in tLc labotaton 

at an averase temperature of about 25°C , has been studied and the results are given m 
Table IIT The results show the e\tent of detcnoratiou of papain samples of larioiis grades 
of puritv when hept at a tempeiatuie of about 2b°C foi periods of 3 to 6 months In ever^ 
case a definite loss of activity has lieen oliserved, and the percentage loss has been found 
to increase vith the increase in purity of the en/yme The dned juice apjiears to be more 
stable than the pure preparation The only explanation that can be offered for this interesting 
finding is that an impure preparation contains some substance which has the abilitj to 
protect the actmty of the enzyme tlins rendering it more stable, while in the process of 
purification of the enz^nne, tlus protective substance is probably removed Tiie nature of 
this protective substance is undei investigation 

Standard for papam and its piepanthons — Tlie average activity of one gramme of papain 
manufactured in India, as determined by the assay method desenbed iii tlus paper, is eqmvaleut 
to 36 c c of ISf/lO sodium hydroxide As it has been foimd that papain samples deteriorate on 
storage, an allowance for such loss should be made before fLxilig a rigid standard From the 
results of Table III we are justified in making an allowmnce of about 30 per cent as tlus is 
approximately the average loss in 3 to 6 months After making tins allow'ance the average 
actmty becomes 36 0cc — llOcc = 25 0cc of N/10 NaOH This value represents a 
digestion of about 60 per cent of the substrate luider the conditions described m the method 
of assay The same figure of 25 0 c c of N/10 NaOS can be taken as the standard for 
the papain preparations firocided the specified quantities are added to the substrate in tlie 
assay method 

SuMM VKY 

The method of assay of papam activity described m the B P C does not gi\e a true 
measure of the enzyme actmt} as the pH of the reaction mixture has been found to be 9 2 
while the optimum pH for papain action is 5 0 to 7 0 As the standard is based on tlus 
method of assay, the ‘ standard ’ as well as the ‘ method of assay require modifications 
A modified method of assay siutable for determimng the actmty of papam is desenbed 
This method retains in broad pnnciples the B P C method but the conditions of enzyme action 
and the quantities of substrate and enzyme suitable for assay have been changed 

The rate of deterioration of samples of papam of various grades of purity, when kept at 
the temperature of about 25°C for periods of 3 to 6 months, has been studied It has been 
found that the cruder samples of papam retain their activity better than purer samples Tbe 
nature of the protective substance m the crude samples of papam is mider investigation 

A standard for the actmty of papam has been suggested, based on the average actmty 
of papain samples manufactured m India and after making allowance of about 30 per cent for 
deterioration The standard recommended is — 

‘The ammo acids produced by one gramme of papam m the as«ay jjrocess desciilied ni 
the jiapei should require not less tlian 25 0 c c of N/10 NaOH for neiitrah/ation ’ 

The same standard of 25 0 c c of N/JO NaOH mat be adopted foi these following jiajiain 
piepniations — 

1 Ehxir jjajiam B F (' 

2 Glycermum papain B J’ (' 

3 Liquor-jiapam-cGiridiuc B P C 

Tlie quantities of each of these jirejin rations to be added to the subslrate m plate of 
jiapnm itself hate been calculated and found to be — 

] 5 c c adjusted to pH 5 and made up to 10 c c 

2 5 0 c c adjusted to pH 5 and made up to 10 c c 

> 1’ 5 cc adnisted to jiH 5 and added to the siibstiate lesperlitelv 

ui n R] \f I 

I vuBi- 1’ uiiil FROssAni) I’ (1‘IJ’)) (’iiiiijil llrud 'or Utol , 92, pji 'tO-00 
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ro-MPAinTiVE pir\ini op the totvl alkaloids 

OF ini ]]OLFl f ShRPh\n\ I BEKTH OBTAINED 
FBO’M BE\(UI. B1H\B A\DDEini\ DUN 

in 

I ( (JETTY M li 

I'rafi of I'll n iiiiK dIivii/ <{ (lll'td nt(f'ariii /)<(//(/( l))U(j‘> InqUDij, 

\M) 

U s K \H\T 1 M n 

(hoiii till I)t j) iiliih nt Ilf Plinrinfiroloiiif School oj riopinil Mfihcinr Crihtilla) 

for pnhlioition Tuiu 104*^ J 

Intrcidi <nio\ 

Tuf root, of Rouiroljtii yirjuii'nia Benth limed witli |)e])])er luul made into a paste \uth 
isatcr Ins lieen ined n i riirc for < ert tin t\ pcs of ins init\ for a lonji time in India Tliongli 
so coinmonh incd it is riinoiis to note tlint this important \irtue of the plant has not been 
mentioned in the ( le-sual hooks of the indificnous sc stem of medicine The dnipr, mostly from 
the plant "rtmii m Bihar has heen in me more or less as a secret reined) Sen and Bose (1931) 
and riiopra Gupta and Ahikherjec (1915) stiulicil the phannacolopical action of the plant and 
denionstnited the Iniiotcnsn c propcrt\ of the alknloidal base extracted from the plant Asa 
result of this jirclnmnan i\ork an nlcoholn extract stnndardired to contain 0 5 percent alkaloid 
has been prepared b\ the School of Tropical Alcdicinc Calcutta This preparation has been 
extensncK used b\ clinicians for the treatment of haiieipiesis and mamacnl types of in«anity 
The School extract is made from the plant proain in Dehra Dim ns it was found to be 
pharinacolomcalK more dcjiendable than the extract made with the plants grown in Bihar 
The plant ilso grows extensneh in Bengal The preference for the extract made from Dehra 
Dun plants b\ the clinicians for the treatment of liyperpiesis and the almost iiniyersal use of the 
Bihar samples as an insaintc cure led us to inccstignte the compnratne pharmncolog) of the 
root alkaloid of the species grown m different regions It is also known that the chemical 
constituents of the same species of a plant mac xnr\ not only quantitntn eh but also qualita- 
tueh according to the season of collection, stage of maturits of the plant and the region (soil 
and climate) of grow th of the plant The chemistry of the roots of Raincoljia serjyenhna Benth 
grown in Debra Dun Bihar and Bengal is being worked out in the chemistry department of 
this School Tm estigations hitherto carried out have recealed differences both qiiantitatue 
and quahtatup in tlie important chemical constituents of these different caiaetips 


Experlmental methods 

PrejHiralioi) of lie lulaJ all aloid — The hj clrochloride of the total alkaloid of the roots of 
Pauicolfid ‘terpenhna Benth used in these experiments was 'jirepared m the department of 
chennstrv of the School of Tropical 'Medicine 

Two kilograms of the powdered drug were exhausted wath rectified spiiit The deohohe 
extract was concentrated to senu-sohd consistency and repeatedl) extracted with water until 
ree from alkaloid The water-insoluble residue was extracted with 1 per cent hydrochloric 
acid untd free from alkaloid The acid and the watery extracts were mixed and freed from 
atty substance with petroleum ether The fat-free extract was made alkahne and the alkaloidal 
ase precipitated was extracted completelv with chloroform Chloroform was cbstilled off and 
he residue containing the total alkaloids was clissohed in alcohol and neutralized with 
lydrochlonc acid to form the Indrochlonde of the total alkaloid from which the sohent was 
reuioced by ecaporation in lacun The hydrochloride of the total alkaloid thus obtained is a 
' eilowash-browii ma«s soluble in water and alcohol 
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An aqueous solution usually of 1 per cent strength u as used for the experiments The 
hydrochlonde of the total alkaloid of the roots of RouwoJJia serpentina, Dehra Dun vane'ty, 
forms a clear yellow solution, that from Bengal vanety gives a serm-transparent }ellowish- 
brown solution, while the alkaloidal hydrochloride from the Bihar plants gives a solution nudway 
between the Dehra Dun and Bengal alkaloids in colour and transparency 

Toxicity tests — ^Albino rats between 75 g to 125 g were used for the tests the calculated 
dose made up to 1 c c with normal sahne was injected mtrapentoneaUy before food in the 
mormng 

Toxic symptoms — In sublethal doses, the total alkaloids of all the three vaneties 
cause a depression of the motor activity of the aiumuls They tend to he down qmetly but 
can be roused to activity The sensory recejition seems to be dimimshed Eespiration 
IS either deep and slow or shallow and frequent Death which usually supervmnes 3 to 
4 hours after the mm imum lethal dose is due to respiratory failure, the heart goes on beating 
for some time after the respiration has stopped The post-mortem findings show dilatation 
of the heart and congestion of the brain Those animals which survive usually have an 
aversion to food for several da} s 

CeNTSAL A'EBVOUS S\SThM 

Motor cortex — Toads were used and the drug vas mtroduced mto the ventral 
lymph sac 

Spinal cold (reflex activity) — (i) Cats decerebrated at the level of the jntmtary stalk 
and also cate with the brain pithed and the sjiinal cord sectioned at the level of the second 
cervical vertebra were used The exteut of knee jerk by umlorm tapping on the patellar 
tendon and that of the withdrawal reflex (after pricking the food pad) were observed before 
and after test doses of the drug An interval of 1] to 2 hours was allowed for recovery from 
the shock ,of operation before observations were made (n) The reaction time of the reflex 
•withdrawal of the foot on stimulation with dilute hydrochloric acid m pithed toads was 
measured 

The hy])notic effect was observed in cate which received the drug m suitable doses by 
the stomach tube Observations on late after intrapentoneal admmistratiou of the drug were 
also made ' 

Gticulation — Cate and rabbits under the influence of chloralose and urethane were used 
foi blood pressure and myocardiographic experiments Foi localizing the site of action 
decerebrated and spmal cate weie used Decerebratiou was done at the level of the hypothalamus 
under ether aiisesthesia For spmal preparations, the spmal cord of cate under ether was 
sectioned at the level of the second cervical (in some experiments the fourth dorsal) vertebra, 
the spinal coid and brain autenor to the level of section was destroyed by pithmg and 
plugging 

In some of these experiments atropine was given to the animals to the point of producing 
absence of cardiac inhibition to vagal stimulation, while in other animals the sympathetic 
exciters were jiaralysed by ergotoxin (adrenabn causing a reversal of blood pressure) 

Isolated heait — Kitten’s heart perfused through the coronary artenes and 'toad’s heart 
perfused through the inferior vena cava were used 

Blood lessels ■ — In some of the kymographic exjierimente, kidney, spleen and mtestinnl 
^ olume records were taken to find the effect of the drug on the local blood vessels 

The time for the outflow of a given volume of perfusate and the outflow per minute ivere 
also noted m some toads ■nitli the bram and the spmal cord pithed The abdominal viscerse 
■\\ere remo\ed and the splanchmc ^vessels were hgatured in these experiments 'to exclude the 
action on the splanchnic vessels 

licspiralion ^Decerebrated cate or cats antesthetized ■with urethane were used the 
respiration vas recorded either vnth tracheal tambour or by the diaphragmatic sliji method 
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record (. hI wit li .liicksun s oiiti umr ijili 'o si.nu v ] i nnu nts Imtii iM'fnrc and after atropine 

For 1‘^olated nr^an ( xjn'miicnts iiitisinul ~ m tr an Kilti ns md ijinnca ])igs were suspended 

in owpeiintcd I'ioisidi s sulntinn in i I'lli 1 •' >1(4 ilu iii(i\ onionts were recorded in the 

ihuil \\n\ 

r/rriK — In intact animals under ( ulo'^ ! ■- m 'li -11 ll irhoni s technique w'as used For 
I'olitcd (irpnn i\]icnincnts atrqis of iitini of I 1 11- hk of \ii'iin ('iiinci pie's were suspended 
in ox\ponntc(l hlcisilis snlutum in 1 1 ' 1 ( I'ni md tin nuncnicnts were recorded in the 

iicual wa\ 

l!l si t |v 

TIic results arc' ]ircscntod in <( taliiilii form du u oh ( oinparison and economy of 
space — 

I Mil I 



/*o untfjiti 1 fi 

ninijiii MrrpeiliUKI 

Rauirolfia serpentina 


(I>«liri D'ln' 

(llihar) total 

(Bcnpnl), total 


iilk it 1 1 

alhaloid 

1 alkaloid 

'1 1 '1 in ntlimo rats 

I_* "t luu 1" r 100 u 

Id nil. i)er 100 p 

10 nip jier 100 g 

CCVTJlCt \rR\Ols S\c.TrM — 

(a) ^fo^or corlex 

stiiiiidanl 

I)C)irescan( 

Depressant 

(f') ffi/ftnolic rffrri 

\<l 

stij.ht (m toNie 
(In 1 cl 

More than BihaV 
alkaloid m toxio 
doses 

(c) .Ifofid/nru cfjilrcK (vnsoaiolor and ns 

I)( pn scant 

Dcpreccniit r - 

Depressant + 

liimtnn ) 

[n] ^pmnl rrjUxrf 

I)< pn cennt 

' 1)( pn;c.caiit 

1 Depressant 

' B — The re‘ipimton enVcl lasts Ionf.(. 

r than the nrciihiton 

effect Tlio frcqiieiiri 

of respiration may ho 

imtialU inercn'ied diirinp tlio atcop fall of 15 1’ 

presnmnhh due to the carotid sinus rcfle\ 


CracuiATtoN — 




Cat under the iiifliunec of elilornlnoi or 

15 1’ fallH duration 

15 P falls duration 

B P falls duration 

urethane 

and extent less 

and extent more 

and extent, the 


than the Bihar 

than the Dehra 

least of the three 


alkaloid 

' Dun alkaloid 1 

1 I 

1 

alkaloids 


. extent of foil 18 less after atropine In spinal cats witli the brain pithed and spinal cord sectioned 

ttt the level of the second cervical \ortcljnv, all the three nlKnlouU cause a tibc of B P 


Heart 

i Depressed -y- -h 

Depressed + + + 

Depressed + 

^^ood o/ splanchnxc area and Ixinhs 

Dilated 

Ddatod 

Dilated 

Branch 

Initial constriction 
followed bx dila ! 
tation ^ 

Initial constriction 
followed by dila 
tation 

Initial constriction 
followed by dila- 
tation 

Hlerus 

Tone, contractility ' 
and rhythmicity j 
moreaseii ' 

' 1 

Tone, contraotdity 
and rhythmicity 
increased 

Tone, contractility 
and rhythmioitj 
increased 
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jUccri\c<l for pubhcnlion ^In\ 18 1041 j 

KbChJsTL'i ililorocrcsol (j)nrn oliloro inetfl crcsol) 1ms been included in the British Phnrma- 
copoiia (1952), Third Addcnduni and is bcni" found to be a po\\erful germicide of low toxicity 
It IS soluble in water (1 in 2’)0) rcodiU soluble in alcohol (95 per cent), ether and fixed oil It is 
volatile in steam and is being recommended as a imetenostatic agent in preparations for 
administration bi injection in a concentration of 0 1 per cent It would be of importance if 
a suitable method be now found for estimating chlorocresol in solution 

In the determination of phenol Kopjieschaar s method (1876) is mvanably followed , it 
depends on the formation of a mixture of tnbroniophenol and tnbroinophenyl hypobromite 
bv the addition of an excess of broiinnc the latter compound is easil)' decomposed on the 
addition of potassium iodide and the end product of the reaction is tribromophenol (I) The 
excess of bronune displaces an eiiunalent of iodine from the potassium iodide and may be 
titrated against standard sodium thiosulphate The broimiie enters into the free ortho and 
para positions -with the formation of tnbrGmophenol It seems therefore that the quantity 

OH OH OH 



B-v 

(I) 



of bronune that might be taken up b\ a phenol molecule aioiild depend upon the, only free 
positions ortho or para to the phenohe hydroxyl group As such it would be quite 
reasonable to expect that the two ortho positions that are free in p-chloro-meta-cresol (II) 
would take up two bromine atoms by the Koppeschaar’s method and this might be a 
measure m ascertaining the strength of the germicide in anv solution 

Method 


Pure p-chlor-m-cresol (0 1042 g ) m p 66° was accurately weighed mto a measuring flask 
and it was brought into solution either by sunply shalong with water or bv addmg about 10 c c 
nf 0 1 N caustic soda solution and the volume was made up to 100 c c 

About 2 c c of this solution was transferred to a stoppered-bottle and mixed up with 
^ c c of potassium bromide solution (26 per cent), 10 c c of potassium bromate (about 2 8 
per cent) and 10 c c of hydrochloric acid diluted with its own volume of water. The bottle 
was immediately stoppered and kept in the dark for 10 minutes with occasional shalong 
Then, tno grammes of potassium iodide were carefully added so that no bronune vapour 
might escape, left aside for 10 minutes and then diluted to about 200 c c with water The 
liberated iodine was then titrated agamst 0 1 N sodium thiosidphate A blank expenment 
was also carried out side by side without the addition of any cresol solution 


As cresol derivatives are known (cf Auwers, 1903 , 1906) to undergo brommation at the 
side methyl group when treated with excess of bronune, so m the above estimation the reaction 
penod was increased to 30 and 60 minutes The temperature of the. reaction mixture was 
alro varied The results obtamed (Table I) indicate that chlorocresol only takes up the 
calculated amounts of bromine (i e two atoms) at the two free ortho positions to its hydroxyl 
J. yR ( 221 ) tj 



group Tu all these (akulation'^ lee of 0 1 N sodium tluosulplmte was taheu as equnoleat 
to 0 00‘t665 g of chlorocresol I'lie best result was obtained rvhen the reaction r\as conducted 
at the room temperature (2r)k' ) for a period of 30 minutes 

a Table I 


Estimation of cMorooesol by brominatwo 
Amount taken 10 42 mg 
Figures indicate the amount 'found in mg 


Reaction 

Pebiou of reaction 

temperature 

1 

10 

30 nuns j 

fiOmins 

25 °C 

i 10 2 

10 42 

10 00 

40°C 

10 IS 

10 32 I 

10 23 


Estimation in solution 


To find out whether the above method would be apphcable rvhen the presei vative is present 
in small percentage such as in Injectio Qiiminee et Urethani a 2-c c ampoule of the above 
medicament was taken for the quantitative estimation A preliminary experimeut showed 
that the presence of qumine is not desirable, and as such quinine hydrochloride present ■ua<? 
precipit^.'ted by addition of 6 c c of 2 N caustic soda solution It was filtered off and washed 
The filtrate and washings were carefuUy extracted with chloroform and finally acidified with 
hydrochloric acid The chlorocresol present w as then estimated by the Koppeschaar’s method 
The difference in result with a blank experiment indicated a strength of 0 11 per cent in average 
from three expenments* whereas the amoimt present in Injectio Quimnee et Urethani wa« 
0 lO per cent 

As chlorocresol is volatile in steam so an attempt was made to separate the same from a 
solution by steam distillation and estimate its strength from the distillate collected Distilhng 
however 200 c c aqueous solution containmg 10 42 mg chlorocresol by steam, it was noticed 
that about a htre of the distillate would have to be collected m order to make the mother 
solution free from chlorocresol , whence the strength of the preservative m the distillate dropped 
to about 4 042 mg per cent As such it was considered whether chlorocresol imght be detei 
mined bv some colorimetric means with the help of a ‘ phenol reagent (of Chapin 1421) 

Estimation by phenol reagent 


Reagents — 1 A standard chlorocresol solution 

2 Ph-enol leageni — It is made (cf Folm and Ciocalteu, 1929 King and Armstrong 
1934) by dissolving extra-pure sodium tungstate (10 g ) and extra-pure sodium molybdate 
(2 6 g ) in water (70 c c ) It is mixed with 6 c c of syrupy phosphoric acid (86 per cent) and 
10 c c concentrated hydrochloric acid The whole is refluxed for 10 hours , then lithium 
sulphate (16 g ) and a few drops of broinme are added The reacted mixture is further boiled 
for 15 mmutes, cooled and the volume made up to 100 c c For colorimetric estimation thu 
stock solution is diluted with its own volume of water and is used as the ‘ phenol reagent 
Method — 0 75 c c of about 1 per cent solution of a standard chlorocresol and almost 
an equal amount of an unknown solution of chlorocresol were separately taken in two different 
100 c c vmlumetnc flasks To each, 2 c c of the phenol reagent were added This was 
followed by 2 c c of sodium carbonate solution (20 per cent) The volume m each flasl^ was 
made up to 100 cc and the coloui developed was compared m a Klett coloniiietei 
immediatelv 


Calculation — According to Beer’s law upon wdiicli any colorimetric estimation is based 
the percentage of (hlorocresol mav be obtained bv using the formula — 




H / C- ^ 


R 


100 
r ’ 
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wltoroP, f’oiut ntntioii of rliIornrr('':i>l jicr 100 r r of tlio ‘iolution 

(\ \inoim( of stjinilnnl cliloroc ro-.nl utcrf ‘ 

1?i of tlio unknown 

I’onlnui "f tin ■^tninlnnl < IiIdhh rrso) 

\ \('lunif’ of tho unknown ‘'olutuni tnkon 
/''■ttwnifiiv tv mif, r •^olvtinii -\ known iiinount of ]> chloro in cresol (Or Frsenkel 
ukI Dr 1 indioi llcrlin) in]) f)“)'{' wd'' fr(“>lil\ in iloufile-distilled water (pH ca 6 3) 

and wn'? ‘;(iindiirdi 7 ed 1)\ tiie hromidr liromnfc nietlmd Tins solution was used as the 
stnulird (hloroiro'ol m the follow ini; < \porinieiits Tlu different amounts of this 
( Iilornrreso] wire imin di'soKcd in the Mine i|niintit\ of water and these solutions w'ere then 
tmfed with the jilienol rea"pu1 is rlescnhed nlin\e The colour developed was then 
respcitueU coinjiared npainst tho colour that was dcM'lojicd Ija tlie above standaul 
rlilorot resol solution The results arc incornornfed in Table 11 Each readme recorded is 
from a\enee of three obscrxatinns 

'I’lntt II 

Standard ihloriHrcsol solution <1 106") jier lent, 

\inounf of sMiidard solution taken (( 73 c e , 

(\ 0(Mlt)821>3e 

Vinount of unknown solution (\ ) 0 73 cc 


Viimlier 
afoxpen ^ 
inrnts j 

1 iikiinwn 
ntwliiip 

1 (H.) 

standard 
rcadinp 
(B } 

1 

1 I’l RCLXTAI 
t ShNOWS 

Found 

(F.) 

Ot TIIF 
SOLITIOS 

Token 

t rror 

i 

Percentage 
of error 

K\ erage 
l)ereentage 
of error 

1 

1 

107 

20 

0 1311 

0 1314 

0 0003 

0 228 


o 

17 7 

20 

0 1237 

0 1241 

0 0004 

0 322 


1 

IS 8 

20 

0 1107 

0 1188 

0 0003 

0 267 

0 201 

4 

’1 r, 

20 

0 1019 

0 1022 

0 0003 

0 294 



23 1 

20 

0 0950 

0 0D40 

0 0001 

n 10 ) 


(1 

Z5 0 1 

20 

1 

0 087(1 

i 0 0870 

1 1 

X'l 

Xil 



ESTTStATION m Injectio Quininae et Uretham. 

One c c of the Injectio Qmiunee et Uretham containing 0 1 per cent chlorocresol was taken 
in a 60-c c flask, and cautiously made alkabne with about ,3 c c of 2 N caustic soda Quimiie 
separated out and the volume was made up to 60 cc This was then filtered and the whole 
filtrate was extracted out with chloroform to remove any dissohed quimne The aqueous 
portion was separated out and 40 c c (eqmvalent to 0 8 c c of the ongmal solution) of this 
^as taken m a 100-c c volumetnc flask, mixed with the phenol reagent and alkali as usual 
The colour developed was compared against a similar colour obtained from 0 76 c c of a 0 1042 
per cent chlorocresol solution The experiment was repeated twice and the strength of 
chlorocresol m Injectio Quininas et Uretham was ascertained from the formula indicated 
above 

fb = 0 0007816 g , Ro = 20 , V = 0 8 , Ki =- 20, 20 1 and 16 9 

Therefore Ci = 0 0977 0 0972 and 0 09819 respective!) 

Tlie ai ernge jiercentage of error is 2 3 


Estdiatiok ta Liquor Adbexalhs^e HynHocHLORiuF 

Ten c c of the aboye solution contaimng 0 1042 per cent cbloroeresol were diluted to 200 c c 
snd distilled woth Steam One litre of the distillate was collected and 75 c c of the 
istillate (equivalent to 0 76 c c of the original solution) were taken for colonmetnc estimation 
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as usual against 0 76 c c of a 0 1042 pei cent clilorociesol sohibjon Tlie percentage of 
chlorocresol was found to be 0 1042 — the standard reading siuichronizing witli the reading 
of the unknown 

One c c of the above solution was agam diluted to 20 c c and the chlorocresol vas steam 
distilled until 100 c c were collected Seventy-five c c of this distillate (equivalent to 0 75 c c 
of the ongmal solution) were taken and treated with the phenol reagent as usual The 
colour developed was compared against the colour developed by 0 75 c c of a 0 1042 per cent 
chlorocresol solution The reading of the standard (E 2 ) was 20 , reading of the chlorocresol 
solution from steam distillation (Bj) was 19 5 , whence tlie percentage of chlorocresol m Liquor 
Adrenahnae was found to be 0 1069 from the formula as recorded previouslv The error that 
comes about is 2 6 per cent 

Discussion 


It IS bemg found that p-chloro-m-cresol having the two free ortho positions witli respect 
to the hydroxy (phenohc) group {vide formula II) reacts as usual with two atoms of bromine 
and as such this can be easilv estimated by the customarv brormde-bromate method The 
optimum period of reaction is bemg found to be 30 numites at the room temperature The 
substance is not so easily soluble in water but the solubihty can be increased by a slight addition 
of alkah Alcohol, however, should not be used ih making a solution of chlorocresol as it 
interferes with the brormde-bromate titration The method can also be foUov ed m estimatmg 
the preservative m Injectio Qummas et Uretham and similar other preparations But the 
chlorocresol is to be separated out fiom the alkaloid and other interlermg substances either 
by removmg them by some solvent extraction, or separating out the chlorocresol from the 
mixture by steam distillation The strength of the preservative, however, lowers down to a 
considerable extent as such as an accuracy in estimation by chermcal reaction may be questioned 
As phenohc bodies are known to undergo oxidation by ‘ phenohc ’ reagent with the development 
of a distinct blue colour, advantage was taken of this reaction in finding a method of estimating 
the chlorocresol by colonmetnc comparison In Table II it would be found that chlorocresol 
solutions differing in strength even by about ± 20 per cent from a standard chlorocresol 
solution are bemg found to follow the Beer’s law and as such can be easily estimated by the 
‘ phenol ’ reagent and the average percentage of error does not exceed 0 201 It is, however 
being noticed that the maximum intensity of colour develops immediately after the ^dition 01 
alkah In estimatmg the same m Injectio Quimnee et Uretham the error comes to about 2 3 
per cent in the negative side As chlorocresol distdls with steam, this may also be estimated 
in any solution hke Liquor Adrenahnae Hydrochloride For every milhgram of the preservative 
present m the solution meant for estimation, 100 c c of the steam distillate is to be collected 
to ensure that all the amount present may be completely distiUed off It may be noted that 
the amount of any solution to be used for reactmg with the ‘ phenohc ’ reagent should be more 
or less eqmvalent to the amount of chlorocresol present m the standard solution taken for 
colorimetric companson 


Conclusion 

Chlorocresol can be estmiated by bromide-bromate titration Alcohol alkaloids and 
similar other mterfermg substances must be removed before bromination 

Chlorocresol may also be deterrmned by the ‘ phenol ’ reagent and the strength of the 
preservative in Injectio Qmmnas et Uretham and Liquor Adrenahme Hydrochloride may 
be easdy found out by separatmg the qmmne from the former bv solvent extraction and isolating 
the preservative from the latter by steam distillation 


AD^rERs (1903) 

Idem (1906) 

Chapis (1921) 

FoLI^ and Ciocaxtil (1929) 
Kino and Ahmsthong (1934) 
Koppesciuab (1870) 
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In i liolc'ilcrol iiul kcitliin the most prominent represents ti'es of the sterols and 
piiosphntidcs rcspcctncK, come of the chsrsctcnctic properties of cell membrane have been 
sscriiied Thouph there is \ct\ little expcnmental proof indicating the specific function of 
these substances their great importance is iiidircctK inferred bj their intnnable presence 
Tvhercacr the jiheiiomeiia of life are manifest Vccording to Oaerton, the external hmitmg 
pcihcle of the red blood corpuscles as m most Imng cells, is formed bj a lecithin-choles- 
terol compound uhose soheiit power determines the pcrmenbihtj of the cell by foreign 
siibstaiicas These substances also occupi a aerj prominent place in Bcchhold’s conception 
of the structure of stroma, v,hich he regards ns a protein mesh holding by adsorption a 
homogeneous mixture ol lecithin and cholesterol Vccording to lum, hieniolysis is the 
result of loosening of this structure caused cither by solution, spelling, precipitation or 
otherwise of am of the components of this complex colloidal mi'^ture 

Though cholesterol and lecithin arc found so conBtantl} in close association m the body, 
then mutual relation is one of aiitngomsm in sex oral important respects Cholesterol being 
a h}drophobic substance increases the resistance of the cell, while lecithin behaves quite 
the other xvax on account of its hydrophilic nature Kurten and Lmzenmeix (quoted 
b\ Campbell ba\c shown that cholesterol hastened while lecithin retarded 

sedimentation of the red cells This antngomstic relation is also supposed to be present -with 
respect to breinoRTic phenomena Cholesterol and lecithm are said to have antagonistic 
and natundh neutralizing effect upon the limmohsis of red cells by water, acids or alkahs 
(Degkuatz 1930) Lecithin is generall} beliexmd to accelerate hremolysis and cholesterol to 
retard it It uas formerly believed that lecithin actuated not only venom heemolysis but 
that a number of other substances of xaned descnptions had the capacity to heemolyse in 
combination v\ itli lecithin, ex en in those cases where the substances themselves m high concen- 
trations did not hreniolx'se (Fnede, 1924) Roy and Chopra (1941), howex’^er, have shown 
that purified lecithin actixmtes hffiuiolysis only in the case of snake x’^enoms and a fexr other 
ammal poisons and that in the large majonty of instances, the so-called acceleratmg action of 
lecithin IS due to free fatty acids or other impurities present in impure specimens of the 
substance and not due to any inherent propertj-^ of lecithm itself 

The anti-hteraohdic action of cholesterol xvas first demonstrated by Ransom (1901) who 
show ed that it u as able to prevent hfemolysis by saponin Stokes (quoted by Campbell, he cii ) 
found that a large amount of cholesterol m the blood protects rabbits from the usual hcemolytic 
effect of intravenous injection of saponm and it was believed that cholesterol retarded not only 
snake venom hieraolysis but that caused by a I'anety of other substances such as sodium 
oleate, optochin, quinine hydrochlonde, carbohe acid, etc (Fnede, loc at ) The resistance 
of the erxiihrocytes to sapomn hsemolysis in disease w as also found by Neilson and Wheelon 
(1921) to vary directly with the cholesterol content of the blood bemg decreased bv 
phosphatides Tbeir resistance to bypotomc saline solutions, however, has been shoirn bv 
Belas (1933) to be independent of the cholesterol content of the corpuscles or plasma 

In X lexs of the rather -wide and somewhat conflictmg nature of the claims made with respect 
to the anti-hiEmol}Tic action of cholesterol, it xias considered desirable to repeat some of the 
e^enmentsxMth axuew to assessing its real significance with respect to some important tvnes 
of hssmolysii ^ 
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S\ro\iN in MOM ‘•I*; 

riioiifili tlio iiiiti lu'iiiohiu jiition of diolcsterol Miis lir'-t brought out in connection -with 
Mponin lucinoUMc the inliibitorv ndion wnb siibsequenth reported to be vcrj slight, 
coinpnntncb larger doses boms required to offcci n retiirdntion The real mechanism of 
saponin h'enioUsis la not fulh undcr'-tood but it is beheced that the sapoiiins combine 
inth cholesterol as noil as mth lecithin iiid once the annnties of a saponin have been 
satisfied hi cholesterol it ceases to act upon the lecithin of the iiiembraiie of the red 
hlomi cells Conscqiieiith cholesterol ])rc\ents a suponin from causing haniiolysis and so 
lets as an antidote for saponin substinces This tlieon ^lostiilates saponin liaiinolysis as 
being due to the sohent action of saponin on the lecithin jircsent m the membrane of 
the corpuscles 

fn the following exjieriincnts tin aition of cholesterol lias been studied in tlie same general 
iiunncr a*- m the c isc of lecithin (Hoc and Chopra foe ) (Tables ] md IT) — i 
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From Tables I and IT it appears that cholesterol everts a retarding action on saponin 
hfemolysis onl-s when relatively Trig doses of the substance are employed and also when the 
r b c are added last that is to saa when sapomn and cholesterol are allowed to remam in 
contact for some time before the addition of r b c "l^Tien, however, sapomn is added last, there 
16 no retardation In certain cases a sbgbt acceleration is even observed This is probablj 
due to the fact that sapomireffecta hcemolysis before it finds time to combine with cholesterol 
This also tlrrow s some hght on the mechamsm of the retarding action of cholesterol at least 
with respect to sapomn hseraolysis 

Experiments made with lecitlmi on parallel lines show ed that it behaves m exactly siimlar 
manner towards saponin heemolysis so that with respect to this tvyie of hfemolysis, these 
substances do not behaae antagonistically 
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Cobra vbkom hamol'^ sts 

It has already been pointed out that cholesterol is supposed to ha\ e a retarding n( tion 
on cobra venom hsemoh sis Our experiments in this respect are ^rl^ en in Table III — 
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These evjienments show that cholesterol does not cause a sigmficant retardation of cobra 
venom haemolysis On the other hand, a shght acceleration is sometimes observed There 
ire of course instances where a shght retardation is produced when the cholesterol solution 
IS in contact v itli venom solution for a longer period than that stated above, but m no case 
does cholesterol retard venom hsemolysis to the extent that lecithin acceleratos it 


Bile salt hamolysis 

« 

The relation of cholesterol to bile salt haemolysis is of some interest in view of the close 
relationship of cholesterol and the cholic acid moiety of the bile salts and the probability that 
the latter is obtained entirely by the catabolism of cholesterol The literature on this subject 
however appears to be \er\ scanti According to Bayer (1907) cholesterol has no retarding 
action on Inle s dt hfomoh sis and lecithin produces inhibition blit not in quantities that occur 
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in 1)1o(k] Tlie folloMiiij: <\])enimnts ^xill slum tliiit dioleiterol retiir(l<i Inle salt luBniolysis 
111 the same \\a\ as dms locithm (Table 1 — 
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The observ iitioiis of jircMous workers repardin<; the retardinc action of lecithin on bile 
salt hraniolvsis arc also confirmed 


SoilRM OLtATL IIA,MUL\SIS 

I'jvpennients carried out on cxactl} similar lines show that cholesterol has no appreciable 
action on the htcmohsis caused b\ sodium olcate solutions 


BACTtRIAI JIAEMOLCSIS 

Under this head the action of cholesterol on anbrio (El Tor) hiemoljsin and streptococcal 
htemolasm was studied Viiinos were grown in one per cent peptone solution and Strepto- 
coccus hwmolyttcus in serum broth Eighteen hours’ old cultures were used in both the cases 
without centnfugatioli 

Gohar (1932) showed that cholesterol had the effect of neutralizing the haemolysiu 
elaborated by the cholera vibno The following experiments will show cholesterol has no 
appreciable action on aibno hteraolvsis (Table V) — 


Table V 


1 

u 

s 

p 

55 

Sheep’s 

3 per ednt 
r b c , 
c c 

Culturo ' 
fluid 
cc 

Normal 
saline, 
c c 

Cholesterol 
1—1,000, 
c c 


J hour 

1 

03 

0 1 

06 


“t* "i" "f T 4- 


03 

0 1 

01 

05 

4* + 4“ 4- 

i 

03 

0 1 

04 

0 2 

-f ++++ 

4 

03 

01 

06 

0 1 


o 

0 3 

0 1 

0 56 

0 06 

+++-1--^ 

0 

0 J 


0 2 

06 

— 

7 

03 


05 

0 2 

_ 

8 

0 i 


0 0 

0 1 

— 

9 

01 

[ 

0 05 

0 05 

— 


JELsMOcasis i\ 


1 hour j 2 houre 



+ + + + + 


+ + + + + 



+ + + -1- + 



21 hours 


+ + + + + 



if) Jter cent 
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Kxperiinents carried on mtli Streptococcus hceuiolykcus on cxactl}'' similar lipes showed 
that cholesterol was without any appreciable effect U])on it In some of the expenments when 
cholesterol was left m contact with the hsm for some time befoie the r b c were added onb 
a slight letardation was oliserved 


Summary and concj usioms 

1 The action of cholesterol on some of the M'ell-kuown hieinolytic agents, siith as the 
saponms, cobra venom bile salts and bacterial lifemolysms has been studied 

2 Cholesterol does not appear to have any consideiable ret-ardmg action on heemolvsis 
as was foimerly supposed 

1 It retards saponin hiemolysis only when relativeh big doses of the substance are 
employed and when saponin and cholesterol are allowed to lemain m contact foi some time 
before the i b c are added When, howeyer, the saponin is added last there Mas no retardation 
whatsoeyer 

4 It has no appreciable action on cobra \enom hremolysis nor on hcemolysis caused by 
sodium oleate 

5 Cholesterol retards bile salt hiemobsis m the same wa\ as does lecithin 

6 It has no marked action on either the Aubrio luemolysm (El Tor) or streiitncoccal 
hsemolysm 
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TX\ ESTTO \TTONR OF (.’ROTiXD W VTER POLLUTION 


Part 1 

IP.TKRMINVTION (11 Till' DlKLCrlOX \XI) THK ^ hL(K IT^ OF FLOIV OF 

(^ROI'Xt) A\ \TFi; 


u^ 

RHI\XI{ DYLR 

{f iitf I'lint loiiiil /fiiillli Dni'-iiiii Ilf till llmlifillir I (iiiiiilnlion), 

\\v 

I R HH\‘'K\R\N !>-<' All All ■50 
ior |iii1>Ik iitioii AiinHt I- I04T I 


T^TROnUITJO^ 

Thv firsi pbii'-e of ui imc'^tifiAtioii on {iroimd wnter pollution naturalh relates to the 
•Icternnmtion of the direction and the relodta of flow of »ronnd water and therebi marks out 
the range for the experimental obseniilion and also series as a jiilnt-mdicator for the pollution 
studies to follow It is now gencralh admitted that pollution does not tnnel in all directions 
from the place of its introduction but traxcls dowmstrenm wath ground water and diffusion 
plavs onh a small part in the spread of pollution 

Se\eral methods liaxe been suirgested from time to time for the determination of 
the ground-water flow there is the mathematical method as developed b} Hazen (1920) 
Slichter (1902 1905) Theini (1887) and ifark (1939), the laboratorp method and lasth 
the field method Of these the last method iinolvmg direct measurement wuth the use 
of chemicals and bacteria as indicators gixes b} far the most accurate results as it is based 
on undisturbed samples of soil The method consists in placing a chemical in a central 
well and noting the time of its arrnal in the surrounfhng wells either b} electrical method 
or more simph bv analysis of samples of water collected at suitable inteivals In 
this connection Caldwell and Parr (1938) in their Alabama studies used sodium chloride 
as indicator with good results Prenous work In the author (Diei 1941) however 
showed that this chemical failed to indicate satisfactonl} the flow in an alkaline alhmum 
m the Punjab- 

The im estigations on groimd-water pollution initiated by the author (Dier ]941ff) haie 
now been extended to other soil conditions obtaimug m India The foUowong expenmente 
were undertaken to determme the flow of ground water as sodimn chlonde again was used 
for the purpose it is possible to check the Punjab results against a different soil 


Experimfxtai. 


Field expenment'' 

Anulykts of soil iiiediinii — The expemuents desenbed herein were earned out at Singur 
a rural area m West Bengal about 20 miles from Calcutta The area is t3'pical of the plains 
of India and the Indo-Gangetic allunuin constituting them The soil of the locaht\ is clax^ex 
silt down to a depth of about 16 feet Sand of medium size occimed at coinpaintu elv shallow 
dejiths below IG feet The n\emge comjiosition of the soil obtaimng at the site at different 


• The studies and oh en ntions on which this paper is based were conducteil 
auspices of the Intcmntionnl Health ])n ision of the Rockefeller Foundation 


with the support and under the 
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depths is presented in Table I The United States Bureau of Soils method "nns used in the 
determination of the amount of clay and silt present in samples 

Table I 

Mechamcal analysis of sod 


FiGUBES AKE me ass of 7 SAMPLES AT 
EACH DEPTir (EXPRESSED AS PER 
CEMTAOE ON AIR DRY BASIS) 


Depth in fttt 

Sand 

Silt 

Cla\ 

0 and 2 

1 

09 3 

12 9 

17 8 

2 and 4 

74 0 

10 9 

145 

4 and b 

70 0 

11 1 

12 9 

0 and S 

83 b 

0 0 

9 8 

8 and 10 

78 b 

13 2 

8 2 

10 and 12 

83 b 

7 4 

90 

12 and 14 

88 2 

3 7 

8 1 

14 and lb 

98 7 

1 3 

00 

10 and 18 

100 0 

00 

00 

18 and 20 

100 0 

00 

0 0 


Tlie figures clearly show that with mcrease m depth sand content increased and the amount 
of clay decreased At a depth of 14 feet there was a sudden change then clav was no longer 
present m the samples 

The sand which is thus seen to occur below a 16-foot depth was analysed for those physical 
charactenstics which might have a bearing on the rate of flow of ground water Mechanical 
analysis by the sieve method was used to find out the size and distribution of the sand grains 
The effective size and the umfomuty coefficient of the samples at various depths were calculated* 
by the graphical method and are presented m Table 11 The porosity ratio (percentage of void 
space to total volume) was determined and these figures ore also included in Table II — 

Table II 

Physical charactenstics of the soil in deepei layers 

i 

A^EBAOE OF 9 ‘'AMPIIS AT EACH DEPTH 


l)e))th in fort 

1 Eflfectne aizc 

Uniform iti 
coefficient 

Porositj 

percentage 

14 and lb 

i 

1 

0 125 ± 0 03 

3 0 

44 1 

lb -and IS 

0 170 -fc 0 04 

2 4 

42 7 

Is and 20 

0 214 J: 0 03 i 

1 1 0 

1 

41 1 
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'I he ‘'ind id the liottoin liUirM was mirser iml indrc lioinoceneou'i limn at tlie lop layers 
It nn\ be seen from (he re^-ults that tin elTtitiNc sme nnifunnit\ (.oefhcient and poro3lt^ 
iverc the order of nbont 0 2 2 0 and 10 ])or cent rc'-peclueh ^\lnf'h are \\ithin the limits specified 
bv Mien llaren for ajiplMiig tbcnrctinl formula 

Ta\i oMt of ixjKTWM vial jicM — Vftcr the nature of the ‘'od inciliuin had been determined, 
the field o,\pennien( smis conducted to di'co\cr the ^eloclt^ and direction of flow of the 
ground i\ntcr ns it nctunlh existed Tlie phn of the expenment-al field was similar to 
the one used b% the author in his runjab studies \ (.ciitral bore-hole (20 feet deep and 
16 inches in diameter) \ins first instilled ns the central charging well The sides of the 
borehole nere protected from caxing, in the first instance bt a bamboo-matting and later 
onuith a concrete casing, this casing was n I2-inch spun concrete pipe wnth ^-inch holes 
spaced 6 inches centre to centre Two 'cts of wells encircling the central bore-hole were 
installed at distances of b feet and 10 feet rcspcctixcU There were 18 wells in the 5-foot 
rone of alternating shallow (12 feet 3 inches) and mediuin (13 feet 3 inches) depth, spaced 
2 feet apart In the 10 foot rone there were 14 deep (18 feet 3 inches) wells spaced P. feet 
apart Schematic representation of the lax out is gixen in Grajih 1 — , 


GiiAni 1 



ArrangeTiient o( iirent 
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Two expel jmenls were carried out drirniw the sea‘^ons Tune to Reptendier 1040 and September 
1940 to Jaruiarv 1941 the first foi the determination of the diiection of flow and tlie second 
for the determination of the velocity of flow 

Dnedion of flov — The first experiment was started on Ird Tune, 1040 and ohseriations 
on the movement of salt were taken till the end of August Ten kilograms of salt were added 
to the central well, and the contents of the well were agitated for uniform distribution of the 
salt solution hy diffusing air into the well at 50-pound pressure for a period of 20 minutes 
The ground water was tapped from the 3-foot and 10-foot /one wells b^ collecting samples 
daily to beam with and at stated intervals later on and these samples were tested for 
conductivity and chlorides The results are presented iii Graphs 2 and 3 and Table III 
Chloride lesults only are jiresented, but conductivity determinations served as a useful check 
on chloride values there was close correlation between the two (Graph 3) Observations 
on water table and depth of the central bore-hole and rainfall during the penod are 
}iresented in Graph 4 


Graph 2 



Flow of salt in the S, shallow, and M, medium, strata during the season, June 1940 to January 1041 Wells 
in salt stream Shallow SG, 81, SK, and SM , Medium MH MJ and ML 


Graph 3 
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Table TIT 


Weelly average sail content expressed as parts per hundred thousand NaCl 


CHLORIDE 


Vi eeks 

j 

Shat lou 

Medium 

Deep 

o* 

w 

o 1 

ai 

W 

J2 

03 ' 

za 

X/1 

O 

CO 

CO 

£2 

£ ’ 

X 

s 

0 

CcT 

wT 

C 

0 

Cl 

s 

0 

0 

•4^ 

P 

Q 

0 

4 -) 

p 

Before adding salt 

1st 1 

2nd 

3rd 

Week after adding 

7th 

8th 

9th 1 

‘l 

1 24 

1 1 70 

2 25 

3 80 

4 62 

4 24 

4 04 

3 69 

2 83 

2 86 

1 28 

1 68 

3 16 

13 78 

20 69 

22 08 

24 60 

23 39 

17 29 

16 20 

1 63 

1 67 

2 74 

6 91 

0 74 

0 88 

7 43 

10 20 

6 00 

6 42 

1 96 

2 21 

2 43 

2 19 

2 53 

2 62 

2 66 

2 07 

2 33 

2 37 

1 79 
220 

2 78 

3 71 

2 97 

4 33 
044 

6 97 

4 63 

3 66 

1 68 

2 03 

2 54 

3 00 

3 19 

3 20 

2 94 

3 28 

4 26 

4 18 

2 25 

2 46 

2 89 

2 87 

2 96 

2 84 

2 82- 

3 24 

2 71 

2 80 

2 29 

2 33 

2 82 

2 86 

2 86 

4 18 

4 09 

3 40 

2 98 

2 89 

2 23 

2 43 

2 84 

2 88 

2 93 

2 83 

2 90 

3 14 

2 80 

2 84 


The results presented above show that significant movement of salt took place m the 
shallow stratum only Salt appeared in a remarkably large proportion of wells, namely, 6 out 
of 9 shallow wells, in the 5-foot zone At the end of 30 days, however, a narrow salt stream 
was detected in the deep and medium strata also, but this stream persisted only for a few davs 
The centre hne of flow m all the three strata lay along well MJ 

After addition of salt in the bore-hole on the 3rd of June, there was' no reaction m anv 
of the wells until the 17th June As the days were ramyand the water table had begun to 
nse, the bamboo basket which had been placed in the bore-hole to prevent caving was removed 
on the 17th June to be replaced by concrete pipmg This removal evidently disturbed 
the sand in the neighbourhood of the bore-hole, for one may see from the graph that the 
bore-hole caved in immediately The depth of the hole decreased from 17 feet to 11 feet 
below ground-level (Graph 4) Instantaneously salt appeared in the well SG It was a 
sudden movement , the salt content rose from 2 5 to 13 parts per hundred thousand 
A few days later, wells SK and SI also showed large increases m salt which persisted 
for some time , but the medium and deep wells did not show such conspicuous changes 
The results are brieflv presented in Table IV — 


Table IV 


Recovery of salt in dsffereni uells 


btrata well ^ 

Date of first 
appearance 
of salt 

1 

Duration 

Ma-Aimum amount 
of salt m p p h t * 
NaCl 

Shallow SG 

June 17 ^ 

(Indefinite — more 
than one month) 

41 12 

. SM 

, 17 


22 36 

, SK 

„ 19 

1 ^ 

19 31 

SI 

22 


40 26 

SC 

17 

1 month 

12 87 

SE 

. 21 

6 weeks 

13 80 


* p p h t = parts per hundred thousand 
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rvitn IV — comlil 



Dab <if fir-'t 


1 Maximum nmoiint 

Simla v<ll 

' nj.jK ir ima 

1 Diirilioii 

' of salt m i) p h t * 


‘ of salt 1 


XnCI 

lloitmm Mil 

1 

lun.' 

I <ln\-t 

1 

f. 44 

Ml 

Jiih I. 

11 

7 10 

Ml 


1 tiiofith 

9 '■>7 

IXal) 1)11 

Jiih 1 

1 2 <la\ 1 

941 

in'. 

t 

IS 

17 74 

nil. 

4 

S 

9 57 


* j) ]i Ii t = jnrt-- per luimlrccl thnii-<nnil 

Tiic direction of flow indicnted b\ tlic results seems to be fairlj correct as judged from 
the ^Nclls at- all depths \ possible explanation for thcwndtli of the stream may be that caving 
Ind loosened the texture of the sand in the ^^cImt^ of the bore hole and in consequence led to 
a more ditiuse flow of the s-^lt stream Tins explanation is supported by the fact that salt 
began to flow in the veils onl\ after t!ic heaw cn\ina of sind It vas obsened at a later stage 
that the surface soil in that area had sunk domi an effect vhich again niaj have been due to 
loosening of the soil texture in that region The explanation for httlc recovery of salt m the 
deeper layers is also fairlv simple After caamg had occurred, the depth of the bore-hole was 
not e\en 12 feet as the medium and deep nelK vere 15 feet and 18 feet respectively, below 
ground-Icacl, not much s-iU could possibly flow to them 

Tdocify of flow — 1\ lien the salt stream had dropped down to normal, the central bore- 
hole was again re bored to 19 feet and charged mth 10 more kilograms of salt on 21st September, 
1910, for the \clocitv experiment Obserxations on the flow of salt were contmued till 
Tanuary 1911 mth the same procedure as in the preanous expenment The results obtamed 
ire included m Graphs 2 and 3 and Table V "Water table, latnne depth and rainfall during 
the period arc also included in Graph 4 There was no caving throughout this experiment 

The xelocity experiment nas conducted under someuliat different conditions from those 
of the prei lous experiment and the soil in the bored area appeared to har e attamed a state of 
equilibnum But the period of exiieriment was duiing the middle of the monsoon, marked by 
heavy rainfall and a high v atcr table v luch reached a inaximmn of 3 feet below the ground-levd 
dunng the early part of the cxpermient (Graph 4) The water table decreased steadily after 
reaching the maximum of 3 feet 


Txble V 

Weellif aierage salt content expressed as jmrts pei handled thousand NaCl 
I CHLORIDE 


cek)* 

1 SnAiiow ' Medivii 

Deep 

c 

CO 

h-T 

CO 

C? 14 

cc CO 

O ' S 

CO 1 CO 

^ s 5 e 

<I rc; Fi; 1*5 

O - 9 

K ! e d & 

1 

O 

C-l 

p 

s 

\ 

p 

o 

S 

5 

b- 

CT 

P 

P 

5 

1 ^ 

1 R 

^fore adding salt 

Ist aveek after addmg salt 
” 

3rd 1 

1 24 1 1 28 

2 81 1 4 92 

2 77 1 6 GO 

3 00 9 84 

2 81 ! 10 65 

’ 1 

1 53 1 1 96 1 79 1 68 

3 34 1 6 60 1 7 35 , 3 38 

2 70 4 62 9 17 2 93 

3 43 3 68 7 77 , 3 53 

3 18 3 29 8 60 3 08 

1 1 

2 26 

3 07 

3 18 

3 41 

3 65 

2 29 

3 36 

4 42 

6 70 
694 

2 23 

3 37 

3 16 


J, MR 
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Salt recovery in the different wells is siiminarized in Table VI — 


Table VI 


Salt lecovety fiom wells 


Strata 

IVell 

Date of 
first reaction 

Date of 
maximura 
reaction 

Date of 
fall in 
salt 

1 

Jlavimum 
, amount of 

1 salt 

Shallow 

SK 

Sept 

30 

Oct 

12 

* 


' 28 22 

>> 

SI 

Oct 

19 

Nov 

11 

♦ 


j 27 39 

Medium 

JIL 

Sept 

23 

Oct 

1 

Nov 

1 

' 20 87 

>» 

MJ 

Oct 

0 


18 


11 

11 22 

»♦ 

aMH 

Dec 

23 

Dec 

27 

Jan 

29 

' 13 40 

Deep 

D28 

Sept 

27 

Sept 

30 

Oct 

5 

8 09 


D29 


30 

Oct 

0 


14 

16 34 


D30 

Oct 

4 


7 


16 

16 67 


D31 


5 


0 


18 

12 87 


D32 


11 


16 


23 

17 66 


D33 


11 


16 


26 

I 31 52 

I) 

D34 


12 


18 

»> 

Nov 

28 

24 26 


D36 


23 


20 

1 

19 64 


D36 

Nov 

1 

Nov 

4 


11 

1 9 98 


D37 


11 

Jan 

11 

* 


' 30 36 


D38 

>♦ 

25 


26 



16 34 


* Salt in these wells persisted till the last day of observation, 31st January, 1941 


From the foregoing results it may be concluded that the direction of flow from the imtial 
line along the wells ML and D28 changed during this period and swung towards the right 
When the results of the first expenment and the alteration in the water table had been taken 
into consideration the normal direction of flow appeared to be along the wells SG to SM m the 
5-foot zone and D34, D35 and D36 in the 10-foot zone , although during the monsoon the 
centre Ime of flow turned through an angle of about 45 degrees along wells hfL and D28, but 
later on ended rapidly to return to its onginal position ' ' 

A remarkable feature of the second experiment was the nse and fall of the salt content of 
the weUs one after another in succession (Graphs 2 and 3, and Table TV) This was observed 
in both the 5-foot and 10-foot zone wells , however, the salt appearance in the successive deep 
wells was periodic and qmte characteristic of the swmg of the salt stream 

Actually, salt appeared in the well hlL withm twadays after the addition of salt to the 
bore-hole, givmg a velocity of more than 2^ feet per day , and m the well D28 withm 6 days, 
giving a velocity of more than IV feet per day But as the salt did not arrive at the 10-foot 
zone till after 4 days, 2V feet per dav seem to be the maximum 

It would appear that durmg the monsoon the direction of ground-water flow changes, and 
judging by the rapidity vith which salt appeared m the medium and deep wells, the velocity 
may be as high as 2] feet per day The difference between the velocities m the D and M strata 
13 not very significant, although in the S stratum the velocity may be less than in the other 
two strata 

Movement of salt in the central bore-hole — ^The change m the salt concentration m the 
charging well was followed throughout the penod of expenment with a view to seemg how it 
flowed out of the bore-hole Surface and bottom samples were exammed daily for conductivity 
and chlorides As ca\mg mterfered with the salt concentration m the first expenment, the 
results of the second experiment only are given in Graph 5 

( 238 ) 



Tlic results tint tlie siirfue Incrs were bcconiiu" diluted more rapidly than the 

bottom liiers ProlnbU salt was difTusiuf: at the bottom into the ground water, while fresh 
water was flow mu in at the surfatc la\cr« diluting the contents at the top 

The mein concentritioii of silt in the bore hole is presented in the chart in Graph G — 
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Mean salt concentration in the bore hole, September 1940 to January 1941 


It IS clear from the figure that’salt conceutration throughout the period shows a constant 
proportionate decrease An attempt was made to calculate the volume of outflow from the 
bore-hole, which mformation will no doubt be of use m the pollution studies to follow 

If V be the volume of w ater in the bore-hole and p the concentration of salt at any tune, 
and X be the volume of water which flows m, then the relationship between x, v and p can he 
expressed as follows — 

- =1 V 
V p dt 

From Graph 6 it is calculated ^ ^ is constant and equal to 1 G per cent per day 

Therefore, the volume of w ater w hich flows is about 1 /GO of the total volume of water m the 
hore-hole In the present experiment, when the water table remamed at 8 feet almost a gallon 
of water per day flowed m and out of the bore-hole The calculation of the hnear velocity is, 
however, not possible owing to the presence of the concrete casmg mside the bore-hole 

Lahoralory expenmenis 

Tmnsmission constant of sand samples — ^Experiments were conducted m the laboratory 
to measure the transmission constant, or the coefficient of permeabihty [1) A sufficiently 
large number of representative sod samples, collected from the expenmental sites, were used 
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for tlie purpose The method adopted at the Imgation Ifesearch Institute, Punjab (Yaidhi- 
nathan and Luthra, 1934), was used for this determination The results obtained are given 
in Table VII — 


Table VII 


T)ani,)iussion constant of sand samj^les 


Depth in 
feet 

1 

2 

Trans 

3 

mission constant (cm ; 

4 6 j 

per sec ) 

0 

7 

1 

1 

s 

1 

' 9 

1 

1 

14 to IG 

1 

0 052 



i 1 

1 


1 

0 002 

1 

1 

I 

0 049 

10 to 18 

0 004 

0 081 

0 041 

1 

0 003 

0 042 

0 033 

0 001 

0 007 

0 057 

18 to 20 

0 090 

0 107 

0 090 

0 090 

0 102 

0 043 

0 031 

0 071 

0 066 


Accordmg to Hazen’s formula, the transnussion constant is proportional to the square of 
the effective size 

An attempt is made, therefore, to correlate the transnnssion constant with the known 
effective size for each sample The data are presented m Table YIII and Graph 7 — 


Table "^rfll 


Co))daUon of transmission constant with effective size of sand samples 


(Eff size) 
(in mm ) 

Transmission 
constant 
(ft per day) 

1 

(E£F size)' 

(in mm ) 

1 

Transmission 
constant j 
(ft per day) | 

1 

(Eff size) 

(in mm ) 

Transmission 
constant 
(ft per day) 

0 0225 

1 

148 

! 

0 0225 

1 

' 179 

0 057G 

1 

174 

0 0301 

181 

0 0026 

260 

0 0324 

88 

0 0400 

271 

0 0289 

^ 120 

0 0260 

; 20 

0 0301 

230 ! 

0 0026 

1 289 

0 0301 

I 200 

0 0484 

304 I 

0 0190 

1 94 

1 0 0260 

139 

0 0121 

110 

0 0260 1 

121 

1 0 0400 ! 

1 1 

102 

0 0570 

271 1 

1 1 

0 0361 

176 

0 0400 

i 

160 


There is a stnkmg correlation, and the regression of transmission constant (k} on square of 
effective size {d~) is found to be 3,700 (Graph 7) We thus get Transmission constant in 
feet per day = 3,700 (effective size)2 + 40 

Hazen’s formula is v = C d^ ~ ' j where v is the velocity, 0 is a constant = 2,300, 

( is the temperature Fahrenheit and y is the slope For a temperature 80°F , which was the 

temperature of the ground water, the transmission constant will be d^ X 2,300 ~ 

= 3 450 <P This IS in close agreement with the experimental value 

Correlation hclireen theoretical and obseried lelocity — ^Transnnssion constants and porosities 
of the sand samples collected between the central bore-hole and the 10-foot zone are made use 
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the field 
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Since no dope mcT^urcmcnts were nindc during the )car (ns the obser\'atioii ivells v.eie 
insfnlicd onlv after the \cloc1t3 experiment) tlie data for the corresponding period of the 
following >onr arc imde n«o of in this connection Monsoon conditions during these two years 
were quite compnnhle and it nas therefore considered that calculations on this basis would 
we at least an approximate \aluc for the \clocit\ A\erage transmission constant and 
pnrositv for AT strata wore found to he 201 feet per dn^ and 41 ^1 ]ier cent respecti%elv and for 



Seuorg <f i//!ichve Jizc (.d' ) 
Correlation betiveen effective eize and tnnsnjicnon constant 


D Stmta 286 feet per day and 41 7 per cent Slope observed was 1 /269 and the centre hno nf 
direction of flow swung through an angle of 45° so that the real slope is 1/269 x sec 45° = 

1/186 Yelocity m AT strata is therefore 201 x x — 

ponding value for the D strata will be 3 7 feet per daj 

Average velocity in the D and M strata is of the order of 3 feet ner daa Tf n,..-, i. 


2 6 feet per dav Tlie corres- 
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Discussion 

The most important observation arising out of the present work is that the direction 
of flow of groimd water, as mdicated by the movement of salt introduced mto it, was more 
or less unchanged dunng the period June 1940 to January 1941 This period corresponds 
with the maximum fluctuations m the water table dunng the year when the ground-water 
flow 18 also susceptible to great variations It may, therefore, be considered that the data 
on flow of salt recoided in this paper are a fairlv adequate indicator of the ground-water flow 
at the experimental site The abnormal condition of change m direction which persisted 
for a very short penod dunng monsoon will also have to be taken into account in this 
connection 

The laboratory experiments showed that there is close correlation between the transmission 
constants of samples in the sand region and velocity as determined by the field experiment 
With the slope known dunng any season, it may, therefore, be possible to predict the velocity 
of flow in that season from the toansmission constant and porosity data This infonnation will 
indeed be very useful m judging the rapidity of flow of water in the different zones and diumg 
different seasons in the year 

It has also been shown that change m salt concentration m the central bore-hole can be 
made use of in determ mmg the outflow of effluent from the bore-hole under normal conditions 
Although it IS difficult to estimate accurately the hnear velocity from these data, it may still 
be useful as a comparative measure of the velocity, especially m clayey soil medium where the 
velocities are too low to be determined by salt recovery in the wells 

It would appear from the findings recorded m this paper that the use of salt as indicator 
of ground-water flow has no inherent defect m an acid or neutral soil Its partial failure at the 
Punjab sites (Dyer, 1941a), where the soil was a typical alkahne alluvium, may have been due 
to the fact that the natural flow of salt along with the ground water m these strata was too 
slow to be detected at 6 feet and 10 feet distance durmg the period of the experiment However, 
when acid was added durmg the experiment it may have reacted Avith the clay m addition to the 
‘ kankar ’ (lumps of impure calcium carbonate common m the soil of that region of the 
Punjab) This reaction may have changed the colloidal nature of the clay and loosened the 
texture of sand, thereby resulting in more rapid flow 

A fifth observation is that in studies on ground-water flow, field experiments using chermcals 
as indicators alone are madequate unless they are supplemented by slope measurements A 
few observation wells sunk at different pomts at the experimental site would serve the purpose 
These data will also be useful on the computation of velocity based on the transmission constant 
and other physical properties of the soil samples obtaimng in the field 


iSUMMABY , 

1 The soil at the experimental site is clayey silt down to 16 feet with sand of medium 
size below this region The physical characteristics of the sand were within limits specified 
by Hazen for npplymg theoretical formulae 

2 Experiments usmg sodium chloride as indicator for deterimmng duection of flow of 
ground water are descnbed Salt w^as added to the bore-hole on 3rd June, 1940, and observa- 
tions on the movement of salt taken till 31st August, 1940 Because of the caving of sand m 
the central bore-hole there w as conspicuous movement of salt m the shallow strata only The 
duection of flow in all the three strata lay along well MJ 

3 An experiment for deternunation of velocity is next described It was carried out 
dunng the season from September 1940 to January 1941, when there was great fluctuation m 
the water table and slope No camng occurred durmg this period and salt flowed freely through 
all strata During the height of monsoon the duection of flow swung towards one side 
momentarily but soon returned to the ongmal duection The duection of flow of ground 
writer was more or less the same m both experiments 
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i Tiidpinc from tlio npulit^ willi wliuli ‘^nlt nppenrcfl in llie mcdmm nnd deep r\ells 
the \elocil\ of flow dnrmc the period iniplit liii\c hccn n*: liifili ns 2’ feet per dn% , there was no 
significant diflcrcncc in the \eloeitics in the D and M strata but in tlie S stratum the velocity 
was less than tho«c in the other two strati 

a Salt flowed from the charging well downwards and to a less’ extent laterally while 
water was flowing into the well diluting the contents at the surface , there was constant 
proportionate decrease in the salt concentration ni the bore hole It was estimated that when 
the water table was S feet about one gallon of water per dna flowed out of the latrine 

G Tlicrc IS close correlation between transmission constant of sand samples and the 
aelociti of flow ns determined In the field experiment 

7 The sirmificaiice of the foregoing obseraations in interpreting the flow of pollution is 
disciKsed 


nn I ni \< ts 


(.\Lnwru ntnl l’\nn (laasi 
Dveh Biuax ]{ (I'ni) 

J<Jait (lajln) 

JIazen, Aitrx (1120) 

ifAitk, B S (Iiai) 

‘^LiciiTrn CiiAntES 'll MXEn (IKiJ) 
Irlfitl (IIO'i) 

Tiieim (1SS7) 

\ AiDnixATiiAs, \ I, and I crime, 
H P. (1134) 


Iiiiir Infrr llM , 62, )) 2")1 

/nrf Jn»r Ved Itf 29, [i 8ti7 
Ibid 29, ). 801 

tmcricnn ci\il cnpmicr-( hnmllMiok , M aiemman, 
41ti od gp 1201 noil 1215 
Pub lllth t ng Ab^t , 19 S, p 140 from the Sant 
tarian 1939, 2, No I, p ll> 

I S Department of the Interior, Geologicnl Survey 
\\ oter Supple and Imgntion, pnper Xo 07 
Iltd paper Xo 140 

\erfnlitvn fur Alcssimp nntiirlichcr Grumlwnssersch 
« indma Kciten Po]ijl A oliMall 42 , 

Pungab hr Ret /n<l Piiblicalian 5, Xo 2 



Page 


V G 

Geddes, Abthur Variability in Rates of Population Change, with Reference to 
India, 1881 to 1931, and 1941 Some Statistical Considerations {xmth 6 Graphs 
and 1 Map in text) 115 

Ghosh, D See Basu, K P 
Ghosh, S K See Panja, G 
Girt, K V See Khorana, M L 

Greval, S D S , Bhattacharji, J N , and T)as, B C Determination of Blood 


Groups from Stams {xmth 1 Plate) 203 

Greval, S D S , Bhattacharji, J N , and Roy Chov dhury, A B On Isolisemo- 

lysis Reports on Two Isolysins and Associated Considerations 197 

Grewal, K S , and Kochhar, B D Lxtffa aantaxxqnla The Chemical and Pharma- 
cological Investigation of Lxiffa Seeds 63 

Gupta, J C , and Kahali, B S Comparative Pharmacology of the Total Alkaloids of 

Rauxvolfia sexpentina Benth obtamed from Bengal, Bihar and Debra Dun 215 

Gupta, J C See Chopra, R N 


I 

I-VTiNGAR, R K Standard for Papain and its Preparations 211 

K 

Kahali, B S See Gupta, J C 

Kamala Bhagvat Combined Estimation of Tluamm and Nicotimc Acid m Food- ^ 
stuffs by Chemical Methods 146 

Kamala Bhagvat, and Sarma, P S Accumulation of Pyruvic Acid m Rice-Moth 
Larvee {Corcyra cephaloxixca St ) fed on a Vitamm Bi-deficient Diet {xvxih 3 
Graphs in text) 173 

Kehar, N D See Rai, B B 

Khorana, M L , Sarma, M L , Seshagiri Rao, P , and Giri, K Y Investigations 
on the Food Value of Fish and other Marine Products Part II The Protein 
and Mineral Contents 26 

Kirwan, E O’G , Sen, K , and Bose, N Nutrition and its Bearing on Preventable 

Blindness and Eye Diseases m Bengal 49 

Kochhar, B D See Grewal, K S 


IMarshall Day, C D , and Shourie, K L The Effect of Vitamm C on Gingival and 

Periodontal Disease in Indian Children 163 

JIitra, K , and Mittra, H C The Deterimnation by Chemical Methods of the Food 

Values of yet another batch of Edibles 41 

]Mitra K , and Mittra H C Deterimnation of the Biological Value of Proteins from 

Red Ants {CEcophylla smaragdixm) by the Balance-Sheet Method 46 

^IiTTRA, H C Sec Mitra, K 


( 246 ) 



Page 


N 

N\riFR, L E nnd GGm P C Studies in Ilienioh sis with ‘ Histological ^ 
Xotes ’ 1)\ N V Bliadiin and ‘Statistical Vnaljsis’bj C Chandra Sekar (icit/i 32 
Grapli<; in tcTt and 2 Plates'^ 76 

XnoGT S P Patw^rdiun V N , and ■\cnAR\ B X Studies in Fish-Lu er Oils 
Part T The Biological Asoai o1 Vitamins \ and D in Ghol- {Sawna imles) and 
’Nfii'shi- {Scohodon ':nrro}ovah) Lner Oils 15 

XnoGi S P Patw ARDii V N and \cnARaA, B X Studies m Fish-Ln or Oils 
Part IT The Seasonal Variation in the Yield and Vitamin V Content of some 
Pish-lAxer Oils (irif/i I Graph in text) 21 

P 

Panja G and Gnnsn S K The \ction of D'ses on Vibrios 5 

PATWARnnAN V X Gee Xi\oor S P 

R 

Bat B B , and Keiiar, X D The Role of Calcium and Vitamins in Tuberculosis 

Studies on Serum Calcium in Xornial and Tuberculous Subjects 183 

Bay, X , and Bast', U P Estimation of Chlorocresol 221 

Beddi, a Ramakrtshna Distribution of Blood Groups among different 
Communities in the Gosernment ‘Mental Hospital IMadras {mfli 1 Graph 
III text) 189 

Beddi, A Ramakrishna Distribution of Blood Groups among some Donors to the 
Madras Blood Bank with a Discussion on the Relationship between Neuropathic 
Conditions and Blood Groups 193 

Roy, AC On the Fragility of Enthroc\tes Part I In Hypotonic Saline 103 

Roy, a C Surface Tension and Hiemolisis 109 

Boy, a C , and Biswas H K Cholesterol and Hiemolysis 226 

Boy Chowdhitry, A B See Greval, S D S 

S 

Sarma, M L See Khorana, Af L 

Sarma, P S The Effect of ‘ Exercise ’ on the Pjtuvic Acid Content of Normal and 

Vitamin Bi-deficient Rice-Moth Larvie [Corcyra cephalomca St ) 161 

Sarma, P S Riboflavin and Pyridoxin (Vitamin Bo) as Growth-Promoting Factors 

for Rice-Jloth Larvai [Corcyra cephalomca St ) [icith 3 Graphs in text) 165 

SARitA, P S >8ee Kamala Bha&\at 

Sekhon, Nirakjan SrxGH The Effect of Storage on the Carotene Content of 

Dehydrated Vegetables 2^^ 

Sen, K See Kirwan, E O’G 

Sen, S N Studies on the Glycolytic Breakdown of Glucose m Veal Infusion 

( 247 ) 


137 



Page 


Sen Gupta, P C See Napiee, L E 

Seshadeinathan, and Venkataswami, S Cohform Organisms from the Urinary 

Tract . . 1 

Seshagiei Kao, P See Khobana, M 1, 

Shoueie K L See Marshall Day 0 D 

V 

VENKATAswAitn S Svo Seshauetnathan, N 


•V 


( 2-J8 ) 



hid Joui Mrd /n' 31 1 - Oitotur IHH 

INDEX OF SUBJECTS 


ACIU Hc nicotinic, p\rinic 
iCUTA^GULd, F'T Lvffn 
ALKAI OIDS (totil). from /umirof/Ki 
phannacolopx of, 215 

VM\IvV\TU tcnilcr ( Imnrondir* q'lnijflynin) calcmm 
in 20 37 

AVriCl \, f<r Incillnn 
AXTc- 'fc roll nnt* 

liACILLAin VXTIGI \ in Uproi\, stamliinlin d l.\ 
ivciclit 129 

BACTERICIDAL ACTION in iitro of sulplmnilninuU 
nnil Rulphapa riilinc on lfi;ro frprir iniirif, 133 
BALANCE SHEET MITllOn fcc biological nnsaN 
BENC AL nutnlion nnil ita bearing on prc\cntnbIo 
Mindnc's and c\c di'cnsca in, 40 , pharmacoIogN of 
total alknloidii of H rrrpcntmn from 215 
BIHAR, pharmacologa of total alkaloids of II ftrptn 
lina from 215 

BIOLOCICAL assaa of \itaniins A ami D in fisli 
liver oils 15, value of proteins from nil ants 1)\ 
balance sheet nictliod 45 

BITTER BRIXCIPLE, phamiacologicnl action on 
circulatorv svBtcm of a from Srcunqrrit frenndnen 
(Linn ) Dagen tl Durfler, 07 
blindness in Bengal niitntion and its Iicanng 
on, 41 

BLOOD GROLPS distribution of among different 
communities m Goad Mental Hospital, Alaclras 189 , 
among donors to Madras Blood Bank, 193 , relation 
ship between neuropathic conditions and, 193 , 
from stains 203 

BHASSICA OLERACEA CdriTATI cabbage 


1 1'tll food value of 25, protein and mineral con 
tents of 27 

1 ISH 1 1\ EP OlEh biological assaj of vitamins A 
and D in Ghol and Jfushi liver oils, 15 , seasonal 
vanafion in vicld and vitamin A content of, 21 
FOODSTCriS estimation of thiamin and mcotmio 
acid in, bv chemical methods, 145 
1 ODD \ ALl I S of edibles determined by“chemioal 
imtliods, 41 of fish and other manne products, 
27 

1 R AGII 1T\ of crvthrocvtes, 103 
t.HOI tec fish liver oils 

GINGIA AL in Indian children, effect of vitamin C 
on 153 

GllCO'sh, glvcoljtic breakdown of, in veal infusion, 
137 

GIACOLYTIE BREAKDOAVN of glucose m veal 
infusion, 137 

GOAERNAIENT AIENn'AL HOSPITAL, JIADRAS, 
see blooel groups 

GROT ND \\ ATER pollution, direction and velocitv 
of flow of 231 

GROWTH PROilOTING FACTORS for nee moth 
larva' ribotlavm and pvndoxin as, 165 

HEMOLASIS studies in 75 cholesterol and, 225, 
Biirfacc tension and, 109 See also isohiemolysis 
III DISCI 1 ESCULE.\ TVS, see lady s finger 
HUALAN ADULT, see calcium 
HAPNOTIC EFFECT, see R serpenlnia 
HA'POTONIC SALINE, fragilitj of erythrocytes in, 
103 


CABBAGE, calcium in, 20, 37 

CALCIU3I nvaflabfiitv of in ladv s finger, cabbagt, 
drumstick, and amaranth tender determined bv 
expenments on growing rats, 29 , determined bv 
metabolism expenments on human adult, 37 and 
vitamins m tuberculosis,- role of, 183 scrum Ca in 
normal and tuberculous subjects 183 
CAROTENE content of dchvdmted vegetables effect 
of storage on, 141 

CHEMIcAi and pbannacoloLical investigation of 
EuJJa seeds, 03 , methods, determination of food 
values of edibles by, 41 , estimation of thiamin and 
mcotmic acid in foodstuffs bv 145 
CHLOROCR^OL estimation of 221 
CHILDREN, see Indian 
CHOLESTEROL and hicmoB sis, 226 
CIRCULATOBY system, pharmacological action on, 
of a hitter principle from Secungcra seeundaca, 67 
COLIFORM organisms from urmarv tract, 1 
CORGYRA CEPHALOMCA ST see nee moth 
larva" 


DEHRA DUN, iiharmacologj of total alkaloids of 
R serpenltna from, 215 

DEHYDRATED VEGETABLES, effect of storage on 
carotene content of, 141 
diet, see ntamm 
DIRECTION’, see ground ^vate^ 

DKTRIBtJTION, see blood groups 
DONORS, see blood groups 

(iVonn^a Ofei/era), calcium in, 29, 37 
BxES action, on nbrios, 6 

detennmation of food values of, 41 
EM^OCYTES, fragdity of, 103 
Jv&toiaTION (combmed) of thiamm and mcotuuo 
foodstuffs, 146 

Xi, DISEASES m Bengal, nutntion and its beanng 
on, 49 


liniUNOLOCSICAL skin tests in leprosy, 126, 129 
INDIA, vanabihty in rates of population change in, 
116 

INDIAN chddten, effect of vitamin C on gmgival and 
periodontal disease in, 163 
ISOHE3IOLYSIS, 197 
ISOLASINS, 197 

LADY’S FINGER, calcium in, 29, 37 

LARA'' A3, see nee moth 

LEPRAE MVRIS, see Myeohaelerxum 

L EPR OSA'' immunological skuX tests m, 125, 129 

LEVER OILS see fish 

LUFF 4 ACUTANOULA, chemistry and pharmacologv 
of seeds of, 63 

SIADRAS, see blood groups 

MARINE PRODUCTS, food v alue of, 25 , protein 
and mineral contents of, 26 
METABOLISM experiments, see calcium 
MINERAL contents of fish and manne products, 
26 

MORIHOA OLEIFERA, see drumstick 
MOTH, set nee moth 
MUSHI, see fish bver oils 

AIYGOBACTERIUIiI LEPR^j three different protein 
fractions bom, 126 , bactericidal action tn vitro of 
snlphanflamide and snlphapyridme on, 133 

NEUROPATHIC conditions, see blood grouiis 
NICOTINIC ACID, estimation of, in foodstnffs by 
chemical methods, 146 

NUTRITION and its beanng on blindness and eye 
diseases m Bengal 49 ■' 

(ECOP3YLLA SliLARAGDIRA, see red ants 
OIL, see fish bver oils 


( 249 ) 



PAPAIN, standard for, and its preparations, 211 
PERIODONTAL DISEASE in Indian children, effect 
of vitamin C on, 163 

PHARMACOLOGy see Lni-ffa acidangula, R serpen 
Una, Secnrigera aecuridaca 
POLLUTION, see ground water 
POPULATION CHANGE, variability in rates of, 
116 

PROTEIN content of fish and marine products, 26 , 
fractions (3 different) from Myco leprae, 125 , from 
red ants, biological value of, 46 
PYRIDOXIN (vitamin B,) as growth promoting factor 
for nee moth larval, 1G5 
PYRUVIC ACID, see nee moth Ian -c 

RATS, see calcium 

RATES of population change, variability in, 116 
RAVWOLFIA SERPENTIN 1 hypnotic effect of, 
71 , total alkaloids of, from Bengal, Bihar and 
Dohra Dun, 216 

RED ANTS, biological lalue of proteins from, bv 
balance sheet method, 46 

RIBOFLAVIN as growth promoting factor for rice 
moth larvee, 166 

RICE MOTH LARVjE {Gorcyra cephalomca St ), 
riboflai in and pyridovin ns grow th promoting 
factors for, 106, effect of ‘ evercise ’ on pyrin ic 
noid content of normal and \itnmm B, deficient, 
161 , fed on a vitamin B, deficient diet, accumulation 
of pyruvic acid in, 173 

SALINE, see hypotonic 
SCIMNA MILES, see Gliol 
SOOLIODON SORROKOWAU, see Mushi 
SEASONAL VARLVTION, see fish In er oils 
SECURIOERA SECURIDACA (Linn) Dagen el 
Dorfler (N 0 Leguminosse), pharmacological action 
on circulatory system of a bitter principle isolated 
from, 67 

SERPENTINA, see Rauwolfin serpeiifina 


SERUAI CALCIUM in normal and tuberculous 
subjects, 183 

SKIN TESTS (immunological) m leprosj, 125, 129 
STAINS, blood groups from, 203 
STANDARD for papain, 211 
STATISTICAL CONSIDERATIONS re lariabdity in 
rates of population change in India, 116 
STORAGE, see carotene content 
SULPHANILAMIDE and SULPHAPYRIDINE, 
bactenoidal action tilro of, on Myco lepra; 
.jnurts, 133 

SURFACE TENSION and hemolysis, 109 

THIAMIN, estimation of, m foodstuffs by chemical 
methods, 145 

TUBERCULOSIS, role of calcium and iitamms in, 
183 , serum Ca in tuberculous subjects, 183 

URINARY tract, Cohform organisms from, 1 

VARIABILITY in rates of population ehango m 
India, 116 

VARIATION, see seasonal 

VEAL INFUSION, glycolytic breakdown of glucose 
in, 137 

VEGETABLES calcium in, 29, 37 , carotene content 
of dehydrated, 141 
VELOCI'TY, see ground water 
VIBRIOS, action of djes on, 6 
VITAMINS, role of, in tuberculosis, 183 
lUTAMIN A content, seasonal variation m, of fish 
liver oils, 21 

VITAMIN B, deficient nee moth larvas, pyruvic acid 
in, 101, 173 

VITAJIIN Bo (pyndovin), as growth promoting 
factor for rice moth larvro, 166 
YITAkllN C, effect of, on gingival and penodontal 
disease in Indian children, 163 
VITAMINS A and D, biological assay of, in Ghol 
and Mushi hi er oils, 16 


( 250 ) 



Journal of the Malaria 
Institute of India 


Published under the authority of the Indian 
Research Fund Association. Issued Half- 
Yearly. Illustrations in Colour and Half- 
Tone, Diagrams and Charts. 

The only medium that publishes results of 
Malaria Research Work of leading Malario- 
logists in India and the East. 

Subscription Rs. 7-8 (payable in advance). Consisting 
of 4 numbers to be completed in two years. 
Single copy Rs. 3. 

Note — The price of Volumes I, 11, and III of Records of the Malaria 
Survey of India has been specially reduced to the above rates 

Detailed list of all back numbers available may be had on request 


The Manager, 


THACKER, SPINK & CO. (1933), LTD. 

P. O. Box 54, CALCUTTA 



Assistiant Editors 
Q P GLADSTONE 
N H MARTIN 
F R SELBIE 
D D WOODS 


General Editor : P FILDES. 

Editors Assistant Editors Advisory Editors 

S P BEDSON Q P GLADSTONE E C DODDS H D KAY 

J R MARRACK N H MARTIN J C DRUMMOND J McINTOSH 

R W SCARFF F R SELBIE C L EVANS J W MoLEOD 

WILSON SMITH D D WOODS H W FLOREY J A MURRAY 

W E GYE W J TULLOCH 

This Journal has heeu initiated to serve as a medium for the publication of expenmental results in 
the field of Human Pathology The scope of the Journal embraces Bacteriology, Biochemistry, Physio 
logy, Serology, and other Sciences, in so far as they are applied to the discovery of the causation, 
diagnosis, or cure of disease in man by //ic experimental method 

The Journal is published punctually the last week of every second month The Annual Subscription 
(from January to December) is £2, post free Single numbers 7s 6d net 

LONDON: H. K, LEWIS & CO., LTD., 136, GOWERSTREET, W.C.l. 


ANNALS OF TROPICAL MEDICINE and PARASITOLOGY 

Issued by the Liverpool School ol Tropical Medicine 

Ldihd b\ Professor WARRIIvGTON YORKE, md, fpcp, Fits 
Professor D B BLACKLOCK, mv, d p ii 
Professor R M GORDON, o b F , m d , sc.d , 'i r c p , d p h 
Professor T H DAVEY, md, d t m. 

Annual Subscription £1 2 6, post free 

\ ols 1-XXXllI, 1907-1929 £ 1 2 6 per VoL, unbound (a few of the bad numbers are out of print) 

UNIVERSITY PRESS OF LIVERPOOL 

177, Broivnlow Hill, Liverpool 3 






